


te 
e 
4 









LONDON, 


he Engineer 
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PUBLIC NOTICES 


AIR MINISTRY 
ENGINEERS 


ri 

oyal Air Force 
URGENTLY REQUIRES ENGI- 
NEERS. Suitable applicants will be 
granted commission for duration of 
hostilities. Age 19-60 years, ay 
e lls. 10d. per day plus ailowances while 
and 14s. 6d. per day plus allowances on 








training 
successful completion of training. 


jlicants must possess mechanical engineering 
or have certificates with at least two years’ 
cal experience or be practical mechanical engi- 
who have served an apprenticeship followed by 
imber of years’ experience in erecting, maintain- 

r overhauling internal combustion engines or 
; lane structures and with knowledge of the 
pro yperties of engineering materials. 

Duti es will be the efficient and economical main- 
tenance and repair of air frames, aero-engines and 
techni al equipment not appropriate to other 
specialist officers, such as mechanical, transport and 









marine craft. 
Apply by postcard to AIR MINISTRY, 8.7. (e), 
\DASTRAL HOUSE, KINGSWAY, W.C.2, for 


application form 1020. 

Candidates engaged on aircraft or other important 
national work should obtain the approval of their 
employers before submitting applications. 7511 


THE MERSEY DOCKS AND HARBOUR 
BOARD 





ASSISTANT TO ENGI ENGINEER-IN-CHIEF 


The Mersey Docks and Harbour 

BOARD invite APPLICATIONS for the 
POSITION of an ASSISTANT to the ENGINEER-IN- 
CHIEF to the Board. Commencing salary £1000 per 
annum. 

Candidates must be Members of the Institution of 
Civil Engineers and have had good experience in 
Dock and Harbour Construction and Maintenance 
Work. 

Applicstine, gates age (which should not exceed 
45 years), 7 ifications and experience, accompanied 
by copies of not more than three recent testimonials, 
to be sent to the undersigned not later than June 


30th, 1941. 
L. A. P. WARNER, 
Capen Manager and Secretary. 


Dock Office, Live 
May 24th 10h A 


UNIVERSITY COLLEGE, LONDON 
TOWN PLANNING 





he Department of Town Plan- 
NING (Professor Patrick Abercrombie, M.A., 
F.R.L.B.A.) will, through the hospitality of the 
University of Cambridge, RE-OPEN at the beginning 
of OCTOBER, 1941, in Cambridge. 

The Department has been established in order to 
provide systematic courses of training for Architects, 
Engineers and Surveyors who desire to acquire 
expert knowledge in the planning of town and 
country. 

A Diploma in Town Planning and Civie Archi- 
tecture or in Town Planning and Civic Engineering 
is granted by the University, and a Certificate in 
Town Planning is granted by University College. 

It is hoped to arrange a course of public lectures 
on the subject of National Reconstruction. 

The Session 1941-42 opens on Tuesday, 7th 
October, 1941. 

For prospectus giving further information apply to 

E. L. TANNER, 
University a, aoe 
7514 (Gower Street, 1). 





SITUATIONS OPEN 


COPIES oF TESTIMONIALS, Not ORIGINALS, UNLESS 
SPECIFICALLY REQUESTED. 








TO ADVERTISERS UNDER BOX NUMBERS IN 
SITUATIONS OPEN SECTION. 

For the benefit of applicants, the Proprietors are 
prepared to insert brief notices that vacancies are 
filled, upon receipt of notifications from the Adver- 
tisers. These notices (limited to one — will be free 
of charge, and co-operation is asked f 





IMPORTANT 


Advertisers in Situations Open Column 
should make themselves acquainted with 
the terms of 


niet RULES . ORDERS 
1940 No. 


RESTRICTION ON andensnn ORDER 


y JANTED, CHIEF MAINTENANCE ENGINEER 
to Take Charge of Steel Works Plant and 
Forge, North of England; must have knowledge 
of Furnace Design and Construction Siemens-Martin 
Open-hearth Furnaces and Reheating Furnaces.— 
Address, 7489, The Engineer Office. 7489 A 





SITUATIONS WANTED 











(E. H. LIVESAY) 


(E. N. Da C. ANDRADE) 


L. W. SCHUSTER) 
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PAPER ECONOMY 





the normal circulation 


It has now become necessary, in order to maintain 


of THE ENGINEER, to 


print all advertisement pages on the Thin Paper 
hitherto used for the Foreign Edition. 


So long as our diminishing stocks of thick paper 
will allow, the Home Edition Editorial pages will 
be printed on the usual paper, so that uniformity 
in bound volumes may be maintained. 








SITUATIONS OPEN 


SITUATIONS OPEN 





XECUTIVE ELECTRICAL ENGINEER RE- 
QUIRED for Midland Steel Works, to Take 
Control of Maintenance Staff. Previous steel works 
experience essential.—Address, 7524, The Engineer 
Office. 7524 A 





LD-ESTABLISHED FIRM of VALUERS in the 
City REQUIRE IMMEDIATELY the following 
ADDITIONAL STAFF (1) A responsible and com- 
petent MACHINERY VALUER. able to undertake 
Schedules and Valuations of Engineering and Allied 
Works in all parts of the country, without super- 
vision. (2) An ASSISTANT VALUER, possessing 
actual experience of Plant and Machinery be pe 
Preparation of Schedules, Building Plans, &c. 
is anticipated that the a will be for the 
duration, with good possibilities of transfer to the 
permanent staff. Please write, giving brief history 
and salary required. All replies treated in strict 
confidence.—Address, 7499, The Engineer Office. 
7499 A 





N ANAGER (Permanent) REQUIRED for Large Ice 
i Factory. Applications must be received not 
oan than June 14th, 1941, stating age, experience, 
pe salary required. ‘A full knowledge of Joomeking 
an ae eeeeton essential.—Address, P3330, The 


NDUSTRIAL POST OPEN for Scientific a. 
tician; young graduate preferred.—Add 
7517, The Engineer Office. 75 7 A 





[3 agg semen by Engineering Firm Specialising in 
High-power I.C. — Machine Products, 
including Gear-boxes and Transmissions, FIVE 
experienced PLANNING ENGINEERS, capable of 
effective Lay-outs on Capstan:and Turret Lathes, 
Milling, Drilling, \ nga and Honing, and Hori- 
zontal Boring Machin 

Iso FIVE PRODUCTION DEVELOPMENT 
ENGINEERS, able to Demonstrate the Operations 
Planned. 

Salaries £7 to £7 10s. per week, plus bonus earn- 
ings. More to men of outstanding ability. 

Apply, MINISTRY OF LABOUR AND NATIONAL 
SERVICE, Supplementary Register, 109, Colmore 
Row, Birmingham, 3 7505 A 





HIEF DRAUGHTSMAN, To Take Charge of 
/ Department, REQUIRED for Enfield Firm 
engaged on production of dumpers and mechanical 
shovels. State experience, qualifications, age and 





Engineer Office 3330 A 


salary required.—Address, 7518, The Engineer Office. 
7518 a 





y= and PLANT ENGINEER MANAGER 
REQUIRED, who has had first-class experience 
in Plant Lay-out as applied to modern flow pro- 
duction factories, and who is capable of controlling 
the necessary labour for plant installation and main- 
tenance, including all services and machine tool 
repairs. Men between the ages of 35 and 45 should 
write, stating full particulars as regards age, expe- 
rience and salary required.—Address, TB16, The 
Engineer Office. 7510 a 





dys You Are Seeking May Not be Advertised 
Column, but do not lose the Opportunity 
of Bringing 5 Your Requirements before all those who 
would terested and could employ you. An 
Advertisement in the ‘‘ Situations Wanted ’’ Column 
would be seen by all —" Engineering Concerns 
for a cost of Four Lines, 4s.; 1s. for each Additional 
Line. There is no better way of covering so large a 
field for such a small charge. 





G and TOOL DRAUGHTSMEN REQUIRED for 
large Valve-making Factory in Home County, 
pelle 30 miles from London. Applicants 
should be fully experienced and be aged 21 or eae _ 
Apply AR letter, stating full particulars of ‘ex 
salary reqd., to Box 544, ae e.- E 
{. “Talbot nig ., Museum St., W.C.1. A 


VERY USEFUL MAN (30), Good Education and 

qualifications, sound experience leading firm as 
assistant engineer, capable responsible work, moving 
to East Midlands, SEEKS SIMILAR ‘ EMPLOY- 
MENT that district.—Address, 7498, The _— 
Office. B 





NGINEER DESIGNER and MANAGER, 30 
years’ experience in special-purpose machine 
design and construction, DESIRES. NATIONAL 
4 <. Also good on small mechanisms and clock- 
For duration or longer if required.—Address, 
P3334, The Engineer Office. P3334 B 





| hg M.I. Mech. E., M.1.A.E. (45), FREE. 
Practical expert management, organisation, 

production. Moderate salary. Short period or 

permanency.—Address, P3259, The —_ —. 





INGINEER (47). with 21 Years’ Experience 
senior responsible positions as chief engineer 


to large shipyards, heavy engineering works, and 
chemical ‘plants, is PREPARED to CONSIDER 
APPOINTMENT nationally essential work calling 


for highest practical, administrative, and organising 
qualifications.—Address, 7494, The inane a 





B 
INGINEER OFFERS SERVICES as Works 
Manager; expert structural and general engi- 
neering fabrication and erection; bridges, - 


holders, oil storage tanks, blast- -furnace and colliery 
plant, power stations, hangars, jigs, pressure 
vessels, standard ship components, electric =o 
&e. —Address, 7495, The Engineer Office. 495 





20 Years’ Experience Tool-room 
a and control, for past six years works 
of large agricultural firm, SEEKS 
CHANGE. —Address, P3321, The Engineer oa 
B 


NGINEER (50), 





JNGINEER, A.M.I. Mech. E., Over 30 Years’ 
experience all branches, now acting consulting 
work, visiting areas covering counties chiefly home, 
South and West, willing to ACT for FIRMS for 
PROGRESSING and GENERAL CONTACT.— 
Address, P3332, The Engineer Office. P3332 B 





CHIEF ENGINEER of Large 
age 42, DESIRES CHANGE; all- 
organising, production, mainten- 
release arranged.— 
P3335 B 


XECUTIVE 
concern, 
round experience, 
ance, sales; exceptional drive ; 
Address, P3335, The Engineer Office. 





in Designing, Consulting, 
SOUGHT by ENGINEER ; 
exempt; exper. in mechanical, structural, civil, 
mining, chemical.—Address, P3331, The Engineer 
Office. P3331 B 


XECUTIVE POST 
Personnel, &c., 





JF the Man You Are Seeking is Not Amongst those 

Advertising in this Column, a Small Announce- 
ment in the ‘‘ Situations Open ’’ Column will Quickly 
and Economically Produce the Right Selection of 
Applicants, at the same time Eliminating Waste of 
Effort, Waste of Time, and Waste of Opportunity. 
The charge is Four Lines or under, 4s.; each 
Additional Line, 1s.; Box Numbers, 6d. extra, which 
includes despatch of all replies. 





gy ANCE ENGINEER, 24 Yrs.’ Experi- 
ence boilers, pumps, pipe work, heating and 
domestic apparatus, kitchen and laundry piant, 
turning, &c.; suitable large works or institution.— 
Address, P3328, The Engineer Office. P3328 B 





N ARINE ENGINEER (32), M.I. Mar. E., SEEKS 
i POST (design, construction or maintenance). 
Previous experience as assistant supt. engineer.— 
Address, 7515, The Engineer Office. 7515 B 





PARTNERSHIPS 


DVERTISER is DESIROUS of OBTAINING a 
FINANCIAL INTEREST in a small progressive 
Engineering or Machine Tool Shop.—Send full par- 
ticulars, which A be treated in the strictest con- 
fidence, to ENGINEER, 23, Springfield, A 
London, E.5. P3327 c 








AGENCIES 





JELL-ESTABLISHED ENGINEERING COM- 
PANY, with large offices in Westminster and 
any trained and efficient staff, WISH to ACT 
a commission basis as LONDON and/or EXPORT 
OFFICE for Manufacturing Concerns of good stand- 
ing, desirous of securing the services of first-class 
representatives.—Address replies, which will -be 
treated in strict confidence, P3333, The Engineer 
Office. P3333 D 





For continuation of Small Advertise- 
ments, see page 2 





AUCTIONS, Page 72 
FOR SALE, Page 72 
SUB-CONTRACTING, Page 2 
EDUCATIONAL, Page 2 
MACHINERY, &c., WANTED, Page 2 
PATENTS, Page 2 





For Advertisement Rates see 
First Column Overleaf f 


CLASSIFIED ADVERTISEMENTS CLOSE FOR 





PRESS—NOON WEDNESDAYS 





THE ENGINEER 


JuNE 13, 194] 








Che Engineer 


Annual Subscription Rates 
(including postal charges). 
BRITISH ISLES ...£3 5 0 
CANADA... ... ... £83 8 0 Thick Paper Ed. 
£2 18 Thin Paper Ed 


6 " 
ABROAD — 6 Thick Paper Ed. 
(except Canada) £3 0 Thin Paper Ed. 


on 





**THE METALLURGIST.”’ 

This Su — ment, which deals with the Science and 
Practice of Metallurgy, both ferrous and non-ferrous, is 
published free with the last issue of THE ENGINEER 
each alternate month. Next date, June 27th. 


ADVERTISEMENTS. 
charges for Classified Advertisements are 1/- 
to one inch—minimum charge 4/-; thove 
one inch or more at the rate eof 12/- t inch. 
m 


unless delivered before TWO o’clock on Wednesday 
aftern 


Letters relating to the Advertisement and the Publishing 
Departments of the Paper are to be addressed to the 
Publisher, all other letters are to be addressed ‘to the 
Editor of THE ENGINEER. 


Postal Address, 
28, Essex Street, Strand, London, W.C.2. 


Teleg. Address, 
wspaper, Estrand, London.’ 
entral a586 (10 lines). 








MACHINERY, &c., WANTED 


Wa. 12in. or 14in. 0-4-0 LOCOMOTIVES 
Suitable for general works use. Fullest 
rticulars with copy of insurance report.—Address, 
3314, The- Engineer Office. P3314 F 








ANTED, WATER-TUBE BOILERS, Up to 
50,000 Ib. evaporation, 200Ib. or higher 
working pressure.—Address, 7384, The Engineer 
Office. 7384 F 





IR COMPRESSOR WANTED, Motor or Belt 


f = See capacity 300/400 cu. ft. at 100 Ib. 
State make, age, and condition.— 
Saha. 7500, The Engineer Office. 7500 F 





A= HERBERT, Ltd., Coventry, _—e BEST 
PRICES for SECOND - HAND a 
TOOLS in good condition by first-class aie 

Write, wire, or phone, and our capeesenhative will 


call. 
Phone : 781 (12 lines) Coventry ; ee: 
1 F 
TESEL EXCAVATOR, # or 4-Yard Capacity, 


** Lathe, Coventry.’’ 
with skimmer or trencher. —Address, with 
details, 7520, The Engineer Office. 7520 F 








aad Smeg 12in. or 14in. LOCOMOTIVE, 
160 lb. w.p.—Address full details to 7522, The 
Engineer Office. 7522 F 





SURPLUS PLANT & MACHINERY 
URGENTLY REQUIRED :— 


Diesel Engines, Steam Engines, Boilers, Pumps, 
Hydraulic Plant, Electric Generating Sets and 
Motors, Mining and Quarrying Plant, Excavators, 
Locomotives, Cranes, Plastic Moulding Plant, 
Power Presses, Sheet Metal Working Machinery, 
Chemical Plant, Piping, etc. All are needed for 


work of the most urgent National importance. * 


If you have any such plant in your works, please 
offer it to us. GEORGE COHEN, SONS & CO., 

Ltd., Wood Lane, London, W.12. Shepherds Bush 
2070. Stanningley, Nr. Leeds. Stanningley 71171. 
And at Birmingham, Sheffield, Manchester, etc. 





PLEASE OFFER US 
YOUR SURPLUS MACHINES 


As” Licensed Dealers in MACHINE TOOLS we have 
numerous inquiries on our books for all types of 
machines for work of vital national importance. Our 
ee will inspect and make spot cash offers 

MACHINE TOOLS ‘and SHEET META 
WORKING MACHINERY 


F. J. EDWARDS LTD., 
359, EUSTON ROAD, LONDON, N.W.1 


Telephone No.: EUSton 4681 
Telegrams: ‘“* Bescotools, Norwest, London.” 


HY vent 


of every description. 





ESS, 22in. to 24in. Ram, 13/14in. Day- 


table 3ft. square, working pressure 
1500 Ib. per sq. inch.—Address, 7506, The Engineer 
Office. 7506 F 





OCOMOTIVE WANTED to Draw Up Incline 
1 in 25 a load of at least 80 tons; four wheels, 
4ft. 84in. gauge.—Address, 7501, The Engineer =. 





PHILLIPS MACHINE TOOL CO., LTD., 
Are willing to PURCHASE for cash used MACHINE 
TIOLS of the following a — 
TURRET LATHES, SC CUTTING LATHES, 
HORIZONTAL MILLERS, VERTICAL MILLERS, 
sae. and POWER PRESSES. 
est pric 
‘MCarlisie Road, Hendon, London, N.W.9. 


*Phone, 
Colindale 8681 6 lines). 7184 F 





LATE Bending or Flattening Rolls, Deal with 

plates a - about 6ft. by Zin. Also 4-yard or 

larger Excavator. Diesel preferred. — FRED 
WATKINS, Coleford, Glos. 6759 F 





W. URQUHART.—We are Open to PURCHASE 
e any quantity of Second-hand MACHINE 
TOOLS. Licensed by the Ministry to deal in tools 
of all kinds.—1023, Garratt Lane, 8.W.17. Phone, 
Streat. 6986. P3257 F 


70/10 





-TON POWER PRESS, Either Geared 





or ungeared.—Address, 7507, The 
Engineer Office. 7507 F 
and 10-Ton STEAM TRAVELLING 


r7-TON 
( CRANES, preferably shunters, 4ft. 8tin. gauge, 
40ft. jib.—Address particulars to 7521, The Engineer 
Office. 7521 F 





-TON and 5-Ton LOCO. STEAM CRANES, pre- 
ferably 30ft. jibs.—Address particulars to 
7519, The Engineer Office. 7519 F 





PATENTS 


SUB-CONTRACTING 





ING’S PATENT AGENCY, Ltd. (B. T. KING, 
+ Advice, Hand: 
» Queen ‘Victoria 


book Free.—1 
Street, London, E.C.4. ’Phone, city "6161. 7230 H 





HE PROPRIETORS of BRITISH PATENT No. 
4 481,281, relating to ‘‘ Improvements in and 
relating . to Refractory Products,"” DESIRE to 
ENTER into NEGOTIATIONS with one or more 
firms in Great Britain for the a of the PATENT 
RIGHTS or for the GRANT of LICENCES to manu- 
facture under royalty ae to be addressed to 
D. YOUNG and CO., Chartered Patent Agents, 21, 
Bourne End Road, Northwood, Middlesex. 7449 H 





IHE PROPRIETORS of the PATENTS No. 
for ‘‘ Improvements in or relating to 
a Motor Vehicle of the End less-tread Type,’’ No. 
501,575, for ‘‘ Improvements in or relating to a 
Motor Vehicle of the Endless- tread . No. 
503,835, for ‘‘ Improvements in or relating to 
Vehicle Axle Structures,’’ No. 490,975, for ‘* Im- 
rovements in or relating to Idler Wheel Mounting - 
Motor Vehicles of the Track-laying Type 
247, for “‘ Improvements in the ey of the 
Tension of the Endless Tread of Motor Vehicles,” are 
DESIROUS of ENTERING into ARRANGEMENTS 
by way of licence and otherwise on reasonabie terms 
for the purpose of exploiting the same and ensuring 
their full development and practical working in this 
country.—All communications should be addressed 
in the first instance to Haseltine, Lake and Co., 28, 
Southampton Buildings, Chancery Lane, London, 
W.C.2. 7502 H 





IHE PROPRIETORS of PATENT No. 466,764, for 

‘* Improvements in Rolling Rods and ‘Tubes,’ 
are DESIROUS of ENTERING into ARRANGE- 
MENTS with manufacturers by way of LICENCE or 
otherwise for the purpose of EXPLOITING this 
invention and ensuring its full development in this 
country.—All communications should addressed 
to H. N. & W. 8. SKERRETT, 24, aa ai 
Birmingham, 2. 





HE PROPRIETORS of Fae ga No. 444,710, for 

pe or in Governing Appa- 
ratus,”’ DESIROUS» of ENTERING into 
ARRANGEMENTS by way of LICENCE or other- 
wise for the purpose of EXPLOITING this invention 
and ensuring its full development in this country.— 
All communications should Be to H. N. & 
W. S. SKERRETT, 24, Temple Row, eee oe 2. 

7512 H 





EDUCATIONAL 


AUTHORITATIVE 
CORRESPONDENCE TRAINING 


25 FIRST PLACES 
and HUNDREDS OF PASSES in_ the 
A.M. Inst. C.E., ge Mech. E., . 
A.F.R.Ae.S8., A.M.I C, 
Examinations have been gained by T.LG.B 
Students. 

Especially in view of Air Raid and Working Condi- 
tions, study at home with the T.1.G.B. in order to 
achieve the best progress and results. Write to-day 
for ‘‘ The Engineer’s Guide to Success ’—FREE— 
containing the world’s choice of Engineering Courses 
—over 200—covering all branches and recogni 
qualifications. Mention branch, post of qualifications 
that interests you. The T.1.G.B. guarantees training 
until successful. 


THE TECHNOLOGICAL INSTITUTE OF GREAT BRITAIN, 
76, TEMPLE Bar House, Lonpon, E.C.4. 








WANTED 


ASTINGS, GREY IRON to 1% Tons. Non- 

ferrous. Patterns. Machining.—JOHN JONES 

and SONS, Ltd., Britannia Foundry, Lougborouga, 
Leicestershire. P3265 Mm 








VELDING WORK WANTED for Shop Basiened 

with Electric Arc, Acetylene Gas, and Spot 
Welders. Steel rx eg and Sheet Metal Work 
our speciality.—C.S., Ltd., Staffa baie Staffa 
Road, E.10. 23 MW 





we WANTED by Leeds Firm.—All Kinds 
Fabricated Steel Work, Tanks, Vessels, Elec- 
trically Welded or Riveted.—Address, 7077, The 
Engineer Office. 7077 MW 





OFFERED 


1 gpm WORK AVAILABLE for Ferrous and 
i Non-ferrous Parts, up to 500 off. Work suitable 
for Capstan and Small Centre Lathes.—Address, 
7508, The e Engineer Office. 7508 MO 








For continuation of Small Advertise 
ments see page 72 





Wertical Milling Machines 
all geared, hardened and ground throughout, ball 
and roller bearings, swivelling head, 30” x 8” Table 


HENRY MILNES gab oshine Tool Works 
Ingleby Street, BRADFORD 


a 
SPENCERSHC 








eld 
PWOOD 



































PATENT¢ WATER-TUBE 
Works: r) t 
Locomotive > ] London Office: 
Works, Me 20, Grosvenor 
Darlington. r= _L> Gardens, S.W.! 


SPENCER-HOPWOOD LIMITED 
(Associated with Robert Stephenson & Hawthorns Ltd.) 


Temporary War-Time Address : 
17, SOUTH DRIVE, CHEAM, SURREY. 
ViGilant 3820. 


TUFNOL 


The Risin of Unlimited Uses 
ELLISON INSULATIONS LTD., 
PERRY BARR, BIRMINGHAM, 22 
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SHEEPBRIDGE LANE, 





SPRAY COOLING PLANTS 


STEAM & WATER-JET APPARATUS 
OF ALL DESCRIPTIONS 


MULTI-JET CONDENSERS 


FOR TURBINES and RECIPROCATING ENGINES 
GAS EJECTORS FOR OIL TANKERS 


SAND & MUD ELEVATORS 
GILLED HEATING PIPES 





Catalogues on Application 


KORTING BROS. (19:17) Lr. 


(AN ALL BRITISH COMPANY) 


MANSFIELD, NOTTS. 











STEEL FRAME BUILDINGS 


OF EWERY DESCRIPTION. 





BROWNLIE : & MURRAY LD,, 


LONDON : 59-60, GRACECHURCH ST., E.C. 3. 


CATALOGUES FREE ON APPLICATION. 





Possil Park, 
GLASG ow. 


REFER WEW EDITION A. i 





TANKS 


GALVANISING & CONSTRUCTIONAL IRONWORK 


JOSEPH ASH AND SON, LTD., 
Rea-street, South, BIRMINGHAM. 











STONEBREAKERS 


Crushing Rolls, Screens, 
Elevators and Conveyors 
lete Plants for fine crushing 
lacadam are our Speciality 
ROBERT BROADBENT & SONS, Lt. 
Phenix Ironworks, STALYBRIDGE 
Tel. No. 296 Tel. Address—Broadbent Stalybridy 


BOOTH CRAN 


JOSEPH BOOTH € BROSITD. 
BODLEY LEEDS 


















iD ES REA 
DOUGLAS LAWSON 
PULLEYS facilitate production 


Combining lightness and strength 

rs Raped age economy and 
iclency. 

DOUGLAS LAWSON &Co 


Led. 
BIRSTALL LEEDS. 














F. W. BRACKETT & CO. LTD. 


ENGINEERS - COLCHESTER 
Water Screens, Pennell Wylie Filters, 
Pumps, Air Compressors, Iron Castings, etc. 

















| Walluork 











COMFORT 


THE 


UFFERING 


Give to the Duke 
of Gloucester’s 
Red Cross and 
St. John Fund— 
and give a little 
extra. 


Contributions should be 

sent to the Fund at St. 

James’s Palace, London, 
S.W.1. 





Red Cross gratefully acknowledges 
free gift of this space. 














Manufacturers’ Catalogues. 


“The Engineer » will be glad to receive 

catalogues, lists of manufacturers’ trade 

names, etc., from firms for inclusion in 
the files of the Enquiry Department. 





SORES TE 


pe a 








RET eas aT 
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THE ENGINEER 











A Seven-Day Journal 


New Ministry of Labour Appointments 


Iv is announced by Mr. Ernest Bevin, the Minister 
of Labour and National Service, that Mr. G. H. Ince, 
(.B., has been appointed to fill a new post of Director- 
General of Man Power, with effect from Monday last, 
June 9th. Mr. Ince is taking charge of the National 
Service Supply and Military Recruiting Departments 
of the Ministry. Sir William Beveridge, K.C.B., will 
relinquish his charge of the Labour Supply and 
Military Recruiting Departments of the Ministry, 
and has been appointed as Chairman of a Committee 
on which Commander Sir Charles Craven, R.N. (Ret.), 
chairman of Vickers-Armstrongs, Ltd., and Mr. J. C. 
Little, Director of Labour Supply, and former 
National President of the Amalgamated Engineering 
Union, will also serve. The task of the new Com- 
mittee will be to examine in consultation with the 
three Service Departments, the employment of skilled 
men in the Forces. It is understood that the new post 
to which Mr. Ince has been appointed will not neces- 
sitate the creation of a new staff, as the nature of his 
appointment is to take charge of certain branches of 
the Ministry of Labour. 


Control of Prices 


In a financial statement by the Chancellor of the 
Exchequer in the House of Commons on April 7th, 
the Chancellor indicated that he was prepared 
to carry a considerably increased burden on the 
Exchequer in order to prevent or minimise the impact 
of increased costs, particularly of imports and of 
transport, on the prices of essential goods and services 
apart from any increases in their prices rendered 
inevitable by further increases in wage rates. As 
regards the cost-of-living index itself, he proposed to 
continue and extend the policy of stabilisation in an 
endeavour to prevent any further rise of the cost-of- 
living index number, apart from minor seasonal 
changes, above the present range of 125-130 in terms 
of the pre-war level. Transport costs, he said, which 
affected prices generally, were an important factor 
in determining the general price level, and he pro- 
posed to take upon the Exchequer increases that 
would otherwise become inevitable, and indeed are 
already overdue, in shipping charges, including both 
freight rates and insurance premiums. He was also 
examining the question of how far the Exchequer 
may help in averting further increases in railway rates 
and fares. That was part, but only a part, of a very 
large, complicated, and important question now under 
close consideration. The general policy of restricting 
increases in prices to a minimum would, he said, 
apply to the prices of coal and gas, and also to elec- 
tricity charges, which, although they did not actually 
figure in the calculation of the cost-of-living index, 
ought, obviously, to be treated in the same way as 
other fuel and light charges. He would also aim, 
in conjunction with the President of the Board of 
Trade and the Minister of Food, to try to prevent 
substantial increases in the prices of other articles in 
common use. The control of prices was, the Chan- 
cellor said, a most important development of policy, 
and he hoped it would create conditions which would 
enable the wages situation to be held about where it 
now Is. 


Electricity Charges 


In the statement made by the Chancellor of the 
Exchequer in the House of Commons referred to 
above, the Chancellor indicated that the general 
policy of the Government of restricting increases in 
prices to a minimum will apply inter alia to electricity 
charges. In February, 1940, the Minister of Trans- 
port stated, in answer to a question in Parliament, 
that he had been advised that he had adequate powers 
under the Defence (General) Regulations to control 
the prices at which electricity may be sold during the 
war; that on the information then before him he did 
not think it necessary to issue any general order or 
direction under the Defence Regulations to modify 
the statutory discretion of electricity undertakers to 
adjust their actual tariffs within the limits of their 
authorised maximum prices, so far as was reasonably 
necessary on account of the effect of war conditions 
upon their undertakings. The Minister added that 
if it should be shown to his satisfaction in any indi- 
vidual case that prices had been raised to an undue 
extent, even within the limits of the authorised 
maximum, he would not hesitate to have recourse 
to his powers under the Defence Regulations to ensure 
that an unjustified burden was not placed upon con- 
sumers ; and also that he would not regard it as 
reasonable under war conditions that prices should be 
increased so as to maintain profits or to enable aid 
to be given to local rates at an unimpaired level. 
The Electricity Commissioners have consulted the 
Minister of War Transport as to the position arising 
from the Chancellor’s statement so far as electricity 
charges are concerned. They are authorised to state 
that while the Minister as at present advised does not 
propose for the time being to issue any general order 


considers it desirable, pending a further announce- 
ment by the Government, that no further increases 
in electricity charges (other than -increases already 
announced before Monday, June 9th), should be 
made without the undertakers first submitting their 
proposals to the Commissioners with necessary 
supporting data in order that the Minister may have 
an opportunity of considering the position. 


Standardisation of Bricks 


STANDARDISATION of the common brick to two 
sizes has been agreed by manufacturers throughout 
England and Wales, in collaboration with the Ministry 
of Works. In England and Wales the majority of the 
850 brick manufacturers, who produce about 5000 
million bricks a year, have for some time been making 
bricks of the agreed size. The minority are now 
changing their plant and many of them are already 
producing bricks according to the agreed standard 
specifications, which are as follows :—Length, 8}in.; 
tolerance, +4in.; width, 4%,in.; tolerance, + #in.; 
depth, type II, 2%in.; tolerance, + in.; depth, 
type III, 2%in.; tolerance + yin. While the agree- 
ment between the brick manufacturers and the 
Ministry of Works is due to the pressing needs of war- 
time building, it is no new problem. A committee of 
makers and users of bricks, working through the 
British Standards Institution, agreed to standard sizes 
of bricks in 1936. Thus, when the Ministry of Works 
found that standardisation was essential to the 
nation’s huge war building programme, it had the 
fruits of this labour from which to work. Standard 
type I related to facing bricks, and types IT and III 
to common bricks and other bricks. These standards 
were in 1936 adopted by the London Brick Company, 
the whole of the Fletton brickmakers, and by a large 
number of other manufacturers throughout the 
country. A number of makers, however, continued 
to make bricks of slightly different sizes, because of 
local tradition, and usage in villages and country 
districts dating back for many years has maintained 
these trivial differences in sizes. There were in all 
seventeen sizes. In war the production of bricks 
varying slightly in size from the bulk production was 
found to create difficulty in supply and transport. 
An operation such as a Royal ordnance factory 
requires millions of bricks, which must be drawn from 
a large number of works. Thus, in the absence of 
standard sizes it has been necessary in the past to 
draw upon distant brick works, imposing a heavy 
burden on transport, petrol, and man power. Users 
of bricks in England and Wales for any purpose what- 
ever are now requested to work to the two standards. 


New Air Appointments 


ON Saturday, June 7th, it was officially announced 
by the Secretary of State for Air and the Minister of 
Aircraft Production that new appointments to the 
Air Council have been made. Sir Henry Tizard has 
been appointed an additional member of the Air 
Council, in which capacity, and as a member of the 
Aircraft Supply Council, Sir Henry will have special 
responsibility for studying and advising on scientific 
and technical policy. A further appointment is 
that of Air Vice-Marshal F. J. Linnell, an Assistant 
Chief of the Air Staff, to be a member of the Aircraft 
Supply Council in executive charge of research and 
development. He is to be promoted to the acting 
rank of Air Marshal and will become an additional 
member of the Air Council on taking up his new 
appointment. It is announced by the Ministry of 
Aircraft Production that the responsibilities of Sir 
Frank Smith as the executive head of the Department 
of the Ministry of Aircraft Production, which deals 
with telecommunications equipment, are unaffected 
by these new appointments. 


Reorganisation of L.N.E.R. Chief Mechani- 
cal Engineer’s Department 


A NUMBER of important changes in the organisation 
of the Chief Mechanical Engineer’s department have 
now been completed since the recent appointment of 
Mr. E. Thompson as Chief Mechanical Engineer, in 
succession to the late Sir Nigel Gresley announced 
in our Journal note of May 2nd. Mr. A. H. Pepper- 
corn, mechanical engineer, North-Eastern Area, has 
been selected for the new post of assistant chief 
mechanical engineer, with responsibility for the work 
of the department in the temporary absence of Mr. 
Thompson. Mr. Peppercorn will also act as mecha- 
nical engineer, Doncaster, with control of the carriage 
and wagon works at York and supervision of all 
“‘ outdoor” carriage and wagon work on the Great 
Northern section and on the Great Central section 
between Sheffield and London. Under the new 
organisation, there are five mechanical engineers, 
namely, at Doncaster, Stratford, Cowlairs, Darlington 
and Gorton, taking their titles from these places, 
except at Cowlairs. At the first place Mr. Peppercorn 
will be in charge, as indicated above, and at Stratford 
and Cowlairs Mr. F. W. Carr and Mr. T. E. Heywood 





under the Defence Regulations on this matter, he 


to be styled mechanical engineer (Scotland). He will 
be assisted by Mr. K. 8S. Robertson, who has been 
appointed assistant mechanical engineer (Scotland). 
The remaining two mechanical engineers are Mr. R. A. 
Smeddle, who has been appointed mechanical engi- 
neer, Darlington, with control of the North Road, 
Faverdale, Shildon, and Walker Gate shops, his 
former post of locomotive works manager, Darlington, 
being filled by Mr. L. Reeves ; and Mr. J. F. Harrison, 
who has been appointed mechanical engineer, Gorton, 
his present post of works manager at that place being 
taken over by Mr. H. J. Williams, formerly chief 
material inspector at Doncaster. Another appoint- 
ment in the Chief Mechanical Engineer’s department 
is that of Mr. E. Windle as chief draughtsman, with 
charge of the locomotive, carriage, and wagon draw- 
ing-offices. Mr. F. Day will remain head carriage 
draughtsman, and Mr. D. D. Gray has been appointed 
head locomotive draughtsman in place of Mr. T. A. 
Street, who has been transferred to the chief elec- 
trical engineer’s department. Mr. D. R. Edge will 
continue to act as assistant to the Chief Mechanical 
Engineer for technical subjects, and Mr. H. Harper, 
who remains in charge of the headquarters office, 
receives the title of assistant to the Chief Mechanical 
Engineer (clerical). Mr. J. V. Gosling will join the 
headquarters office as chief clerk. 


The Destruction of Enemy Aircraft 


In a written answer to a parliamentary question 
on Tuesday, June 10th, it was stated by Sir Archibald 
Sinclair, the Secretary of State for Air, that, so far 
as was at present known, about 240 enemy aircraft 
were destroyed in operations in the Mediterranean 
and the Middle East theatre of war during the month 
of May. Information was, however, incomplete, and 
this number might prove to be substantially less than 
the true figure. Sir Archibald also stated that the 
total number of hostile aircraft destroyed in and 
around the coast of Great Britain during May was 
by day 63 and by night 144. An analysis of the 
British official communiqués shows that the total 
number of British and enemy aircraft lost or destroyed 
in the air on all fronts in the first four months of 1941 
are as follows :— 


Month. British. German. Italian. 
January ree reer ee: 
Dement. «as. Bie) ow, eae 
ee. ks es OR ee ea Bee ee 
April ace ae, cc ee ee a ee 

eer ee 


In his speech in the House of Commons on Tuesday, 
June 10th, the Prime Minister, Mr. Winston Churchill, 
dealing with the war in the Middle East, and par- 
ticularly the Battle of Crete, said that in that battle 
the German Air Force had suffered extraordinary 
losses. More than 180 fighter and bomber aircraft were 
destroyed, and at least 250 troop-carrying aeroplanes. 


South American Standards Committee 


Tae British Standards Institution states that a 
resolution adopted at the Fourth Convention of the 
South American Union of Engineers’ Association, 
held in Lima, Peru, towards the latter part of Janu- 
ary, 1941, has resulted in definite steps being taken 
to set up the proposed South American Standards 
Committee, which is to be known as the “ Cosan ” 
(Comite Sudamericano de Normas). This step repre- 
sents a further important development in industrial 
standardisation in the South American Continent. 
The new movement, which has been largely promoted 
by the Argentine standards organisation, the “Iram”’ 
which, it will be remembered, was formed in 1935, 
will result in a linking-up of the standardisation 
work to be carried out in the different republics. 
The “ Cosan ”’ will be the focal point for the inter- 
change of information and the preparation of indus- 
trial standards suitable to the various countries con- 
stituting the Committee. The broad question of the 
uniformity of types throughout the South American 
continent will be one of its main concerns. The 
number of South American countries having standards 
organisations being-limited, the new Committee will 
urge their creation in the countries where they do not 
at present exist, thus forming ultimately a strong 
continental block, the work of which will have con- 
siderable influence on international trade. When in 
full working order this newly formed standards body 
will doubtless play an important réle in standardisa- 
tion and take its place among the leading standards 
organisations in the world. The South American 
Standards Committee, the ‘* Cosan,”’ is to be definitely 
constituted in July of this year, and a meeting will be 
held in Rio de Janeiro when the statutes and by-laws 
will be adopted and the officers elected. The “ Iram ” 
is taking a leading part in promoting this wide 
co-operation between the South American republics 
in regard to the important subject of industrial 
standardisation. At a preliminary meeting held 
recently in Buenos Aires the “ Iram ” presented for 
consideration a draft of the proposed statutes and 
by-laws in the preparation of which the supporters of 





remain in charge respectively. the latter continuing 





the movement have all collaborated. 
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Further Canadian Locomotive Experiences 


By EDWARD 
No. 


H. LIVESAY 
VI 


(Continued from page 363, June 6th) 


CALGARY TO VANCOUVER (continued) 


EAVING Field at 12.40 p.m.—watches are put 
back an hour here, and mountain time worked: 
to—with Engineer Brier and Fireman Disney, “‘ The 
Dominion ” took up the running again alongside 
the foaming, tumbling Kicking Horse River 
(Fig. 20), following its twists and turns for 33 miles 
through canyons and piled up masses of riven 
rock to Golden, where the Columbia River valley 
is reached. The prevailing trend is a falling 
gradient all the way, so the engine was mostly 
drifting and had dropped 1489ft. from Field. With 
oil fuel there is never any difficulty in doing what 
you like with the steam pressure, and at short 
notice. When drifting, the fire is shut down and 
there is no blowing-off even if this immediately 
follows long-continued heavy work, as would 
probably be the case with a coal burner. Should a 
bank suddenly uprise, the burner is opened full 
and the fire-box instantly becomes a raging mass of 
white. flame, able to take care of any demands 
made upon the boiler for steam. There is no smoke, 
only a faint brown haze over the chimney, though 
sudden variation in the throttle may call for adjust- 
ment of the damper, owing to alteration of the 











FIG. 20—-KICKING HORSE CANYON 
draught. On some engines an electric lamp is put 
near the top of the chimney to show the fireman 
what is happening to his fire after dark. I do not 
know if this is a standard fitting. 

From the point of view of an observer-passenger, 
these big “‘ 5920” class engines provide the most 
pleasant travel of all the locomotives with which I 
am acquainted on both sides of the Atlantic—and 
their name is legion. Cab comfort is so complete, 
I cannot suggest any improvement. Its roominess, 
evinced by a floor area of nearly 100 square feet, 
is, of course, a corollary of the size of the engine, 
this, in turn, being associated with the generous 
loading gauge (Fig. 21)—height 15ft. 6in., width 
about 10ft. 6in. What would not British designers 
give to enjoy such latitude? The cleanliness 
resulting from oil fuel, the placid operating methods 
due to the lack of necessity for physical labour, 
the luxurious seats, to say nothing of the scenic 
grandeur amid which the engines have their being 
—all these things tend to encourage a happy social 
atmosphere in the cab. Fireman Disney and I soon 
found common ground—he was a Yorkshireman, 
and they are not as a rule standoffish. But, alas, 
a snake came into our Eden—Hitler! We began 
by cursing him and all his works, and when Brier 
joined in from his side a veritable Hymn of Hate 
rose above the roar of the engine. It was satisfy- 





ing, but exhausting ; after a while, worn out by 


vituperation, I sought peace of mind on the cow- 
catcher, finding there, in the soft caress of mountain 
breezes on my fevered brow, and by absorption in 
the tremendous, soul-satisfying panorama of 
Nature’s glories unfolding all round me, but 
chiefly in front, the balm for my angry spirit that 
was so badly needed. (It also seems to have made 
me quite poetic!) It was so peaceful after the 
heated atmosphere in the cab. Squirrels skittered 
across the track, deer leaped gracefully away into 
the bush, golden sunshine poured down out of a 
blue sky as “ No. 5924” thundered along beside 
the Beaver River. Hitler and his abominations 
faded out of my mind, and once more I was at 
peace with the world. The cow-catcher is an ideal 
observation point, but it is queer how sharp it 
makes the curves look, especially when they 
happen to coincide with a drop of several hundred 
feet into a river. 

At Beavermouth we picked up a pusher engine 
to assist on the heavy gradient to Glacier, a rise 
of 1345ft. in 22 miles. It was “ No. 5900,” the 
prototype 2—10-4, so there were 660 tons of loco- 
motive on the 1275-ton train. Some of the climb 
was | in 50,and the two big engines woke thunderous 
echoes in the mountains with fully open throttles 
and maximum valve travel. “The Dominion ” 
wound its way along high above the river as we 
neared the Selkirks; snow was falling on their 
crests, though in the valley we were basking in 
June warmth. Going up the hill, sand was fed 
into the fire-box, and the black smoke that 
instantly shot high above the chimney showed how 
effective this is, though at first it seems some- 
what primitive after a soot blower. We crossed 
a bridge along here that broke a few years ago 
owing to severe frost, letting the engine through 
and killing the crew. Traffic was diverted over the 
C.N.R., vid Edmonton and the Yellowhead, until 
the bridge was replaced. This Beaver Canyon 
section is enthralling. You look right down into 
the tree tops, and across a great valley to towering 
mountains on the other side, where a glacier can be 
seen, lying like a mantle of pale green glass among 
the clouds round the summit of Mount Vaux—at 


‘least, I think it is Vaux, but there are so many 


majestic peaks towering into the blue, it is easy 
to get mixed. If the train left the track here it 
would roll hundreds of feet into the Beaver River, 
and all the King’s horses and all the King’s men 
would never get it back on the metals again. 
Stoney Creek bridge was crossed ; from it, a 400ft. 
drop into a boiling mountain torrent, the thrill 
intensified by a discussion with Disney as to the 
best procedure to be followed if caught by a train 
when crossing the bridge on foot. Agreement 
reached—hang from the ties between the rails, 
with 400ft. of nothing underneath—and no decision 
come to on how to get back again if still there after 
the train had gone. A partial and unsatisfactory 
solution. 

Glacier was reached at 4.25 p.m., and here the 
pusher came off. The highest point in the Selkirks 
had been attained, 3778ft., and the average speed 
over the very heavy 22 miles from Beavermouth 
had been 20 m.p.h. As two exceedingly powerful 
engines had been used, with a total tractive effort 
of 179,000 lb., the severity of the work is obvious. 
Then came the Connaught tunnel, built some 
twenty years ago to do away with a succession of 
gradients, zigzags and snow sheds in Rogers Pass, 
a constant source of worry and expense. It is 
5 miles long; with the exception of the Field 
Spirals, the only tunnel of any moment in Canada.* 
Dead straight—as soon as you enter it the pin 

*I forgot, when penning the above, the tunnel under the 
city of Vancouver, which connects the Roundhouse with the 
station, about a mile long. It was built to do away with the 
necessity to send light engines, &c., round through the business 
district, negotiating several gated level crossings en route, and 
causing inconvenience. It is a fine piece of work, cut through 
the rock on which the city is built. There is another tunnel of 
considerable length underneath Mount Royal, in Montreal, 
leading to the projected new C.N.R. station, which latter is not 
yet completed. I am not aware if the tunnel is in use for any 
service, or if it is finished. Tunnelling and bridging, whether 
over or under, were avoided as far as possible when railways 
were first built on this continent, even in cities, which often, of 
course, grew up round the stations; the railway was often the 
first arrival. Level crossings were cheaper than bridges—and 
still are. The result is that—to the best of my recollection— 
there are not more than a score of under or over-bridges in the 
3364 miles from St. John to Vancouver. I admit not having 
counted them, but I do not think that estimate is far out.— 
E.H.L. 








point of light at the other end can be seen—it is 
high and well ventilated by oil engine driven fans, 
two of which can be seen in Fig. 22. Trains follow 
the left-hand track, in order that the engineer, 
sitting on the right of the cab, may see possible 
falls of rock from the roof where it is unlined. 
There is no discomfort whatever in going through 
the Connaught ; it is clear, cool and sweet, passage 
taking about ten minutes. 

The valley of the Illecilliwaet succeeds the 
Connaught, and it is steeply downhill to Revel- 
stoke, a descent of 2284ft. in the 40 miles from 
Glacier. A wild stretch of country, of menacing 
mountains, canyons and torrents, in which 
avalanches take—or used to take—their toll; on 
one occasion a plough engine and two cabooses 
were swept into the Illecilliwaet River, killing two 
men. When a mass of snow, uprooted trees, rocks 
and gravel, weighing a million tons, travelling at 
60 m.p.h., approaches, it is unwise to linger and 
watch it coming. ‘‘ Stand not upon the order of 
your going, but get,” say the good people of the 
Illecilliwaet valley. I saw no avalanche—only a 
black bear, galumphing into the bush. Revelstoke 
was reached O.T. at 6 p.m., the 40 miles from 
Glacier, over most of which the engine had been 
drifting, having taken 95 minutes, with three stops 
25 m.p.h. 

Here I parted company from “ No. 5924” and 
her friendly crew, as they went no farther, the very 
heavy locomotive work which was the raison 
détre of the “5900s” being over. I never come 
through the mountains without thinking “ what a 
place for a Garratt”! After all, no matter how 
well a 2-10-4 may behave on a sinuous track, it 
must be hard on itself and the permanent way ; 
a Garratt would be more accommodating. Some- 
thing along the/lines|of the}wonderful 4-8-2 -4- 2-8-4 











FIG. 21-FRONT VIEW OF LOCOMOTIVE “No. 5924" 
South African Garratts is what I have in mind 
but still bigger. These always appeal to me as 
being one of the most remarkable classes of engine 
in the world; 214 tons weight, 90,000 lb. T.E., 
74-5 square feet grate, on the 3ft. 6in. gauge. | 
should like to see something to correspond working 
the Rockies, but alas, I don’t suppose I ever 
shall. North America has never taken to the 
Garratt, and for the very heaviest work undoubtedly 
the Mallet is more suitable, as when large supplies 
of water are carried adhesion is lost too consider- 
ably when it is used up, and an additional tender 
is necessary, a very decided drawback. But this 
does not apply to such engines as are needed in 
the Rockies, where a Garratt would be quite 
possible. However, I digress.. Summing up the 
journey over the 262 miles of extraordinarily 
difficult operation from Calgary to Revelstoke, the 
distance had been covered in 9 hours 30 min., 
which included about twenty-five stops totalling 
some ninety minutes, so the inclusive speed had 
been 27-5 m.p.h. The average running speed was 
well over 30 m.p.h., and this, with a 1275-ton 
train, is certainly exceedingly fine work, which 
can only be appreciated to the full when it is 
watched from the cab. 

“The Dominion ” left Revelstoke at 6.15 p.m., 
double-headed, with engines “‘ No. 2703,” 4-6-2, 
on the train, and “No. 3600,” 2-8-0, as pusher. 
This section to Vancouver will be given a rapid 
survey, as it has already been dealt with in THE 
Encrneer (March 3rd, 1939), though in the 
opposite direction ; and also because the “2700” 
class engines have been withdrawn since this 
journey was made last year, their place now being 
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taken by the ubiquitous “ 2800s,” so it is useless 
threshing old straw. I travelled on “ No. 2703,” 
again finding an old friend in the cab, Engineer 
Govett. The accommodation seemed very 
piri after the spaciousness of “No. 5924,” 
and the riding rougher, as was to be expected. 
These engines have done twenty years’ service and 
their action is not as easy as that of more modern 
types. There is a heavy climb of 142ft. in the 
15 miles to Three Valley, followed by a sharp drop 
of 357ft. to Taft, 9-6 miles, where the pusher 
came off, to await an eastbound train, and help it 
back to Revelstoke. The C.P.R. route through 
B.C. see-saws up and down, and though an immense 
amount of improvement has been carried out since 
it was originally built, it is still a heavy one, far 
more so than its competitor, the C.N.R., which is 
of later construction, with better location and far 
easier gradients. At Craigellachie a simple cairn 
stands in a grass plot by the track, marking the 
spot where the last spike was driven on November 
ith, 1885, when the east and west construction 
gangs met, and the C.P.R. was completed from 
ocean to ocean. It was driven by Donald Smith, 
afterwards Lord Strathcona. A legend still goes 
the rounds that the spike was gold. I have reason 
to believe this is puremyth. Fancy leaving a poor, 
unprotected gold spike at a place named Craigel- 
lachie! Is it likely ? (Fig. 23). 

Dusk was falling; along the shore of Lake 
Sicamous the mountains were silhouetted against 
the setting sun, and a gold and turquoise sky. The 
cool air, the mirror-smooth water—all made an 
utterly peaceful finale to a fascinating day, which 


perched high above the river, isolated and 
inaccessible, only in touch with the outside world 
by means of the railway. Near Spences Bridge 
the river narrows, becoming a swirling, white- 
‘horsed torrent, as it forces its way through the 
rocky barriers in the sun-baked, sage-brushed 
brown hills, twisting and turning, the track 
following suit, with the C.N.R. on the opposite 
bank. Elevation changes quickly and often—the 
train would be high above the river at one point 
and close down to it at another. 

I watched the trailing “‘ Cartazzi ”’ truck closely 
along here, where it certainly had plenty of work 
to do, hanging off the cab steps close to it, much 
to the concern of the engineer. The “2700s” 
are the only engines I have come across on this 
side of the Atlantic fitted with it—here it has 
entirely gone out of use nowadays. The action 
seemed very jerky, and there was a lot of play in 
the guides, which cannot be taken up, as there is 
no means of doing it. It was a good device in its 
day, but I think the Bissell is better; nobody 
uses anything else at present in America, anyway. 

I am dealing with this concluding part of my 
Transcontinental jouzney very sketchily, as it 
has come into other articles, including those 
covering the C.N.R. “ Continental,’ but I cannot 
ignore it entirely, as the Fraser Canyon division 
always fascinates me so ; in its way it is almost as 
interesting as the mountain section. North Bend, 





the last divisional point before reaching the coast, 
was reached at 5.55 p.m., the 121 miles from 
Kamloops, with fifteen stops, incessant gradients 





and curves, having taken 262 minutes, 27-4 m.p.h. 





As 
at 


Fic. 22—WEST PORTAL OF CONNAUGHT TUNNEL, 


| had decided should end at Kamloops. Another 
pusher came on to help “ The Dominion”’ up a 
stiff gradient to Notch Hill, 533ft. in 9 miles, after 
which the Thompson River was followed into the 
former town, the train coming to a stand at 
11.20 p.m. The 129 miles from Revelstoke had 
occupied 305 minutes, with about a dozen stops, 
an averagé speed of 25-4. I stopped off; enough 
of locomotives for that day, and besides, the 
Fraser Canyon section, which lay ahead, is too 
fine to waste in night travel ; I would carry on in 
a day or two with “ Train No. 1,” leaving Kamloops 
in the early afternoon, and so get the benefit of 
daylight. Actually, therefore, so far as ‘“ The 
Dominion ”’ is concerned, the story is ended, but 
to round it out the reader will be taken on to 
Vancouver—why spoil the ship for a ha’porth o’ 
tar ? The route is the same, and so is the class of 
engine employed. 


KAMLOOPS TO VANCOUVER 


“ Train No. 1” left Kamloops at 1.30 p.m. and 
consisted of nine cars—say, 650 tons—with engine 
“No. 2709,” 4-6-2, and Engineer Snowden. It 
was not a very pleasant day, cool and showery, and 
as the train wound along the mountain side I 
looked down into the Thompson River, here wide 
as a lake, and thought of my trips to Mallaig and 
the mist-shrouded surface of Loch Long. Though 
the prevailing inclination going west is downward, 
the profile of the route is saw-tooth, and curvature 
is incessant. There are many little tunnels through 
shoulders of rock, but none of any length, the last 
of importance having been far back in the Selkirks, 
the Laurie—and a suffocating little beast it is, too, 
going east, far worse than the Field Spirals. 
“Train No. 1” stopped at every possible station, 
and some almost impossible ; little flag stations, 








with nothing near them but a lonely cabin or two, 











GLACIER, B.C. 

Very good, with a 650-ton train. Getting away 
again at 6.05, with another previous charioteer, 
Fee, in charge—one of the Royal train engi- 
neers, by the way—we carried on Vancouverwards, 
through rain and mist. The “ dry belt ’ had been 
left behind, and the moist Pacific coast country 
entered. Macintoshes and rubbers (galoshes) are 
more useful here than furs and moccasins—but do 
not tell Vancouver people I said so; they are 
sensitive on this point. The old Cariboo trail kept 
us company at many places; some of it is buried 
under the C.N.R. track, and a new road has been 
built high above, on the hillside. But the days of 
pack ponies and covered wagons are gone ; nowa- 
days motors whirl along through the mountains, and 
sometimes catapult off the road at a bend, turning 
over and over down the slope into the Fraser like 
a shot rabbit, when the driver is in an extra hurry. 
Then there’s a funeral. Through China Bar, 
Spuzzum, Yale—the very names bring to mind 
stories of the gold rush, when B.C. was young, and 
was threatening to secede from Confederation unless 
the railway was built, to link it with the populous 
centres in the east. The insistent demands of the 
Province were granted—else this story would 
never have been written. 

At Ruby Creek we were out of the mountains 
and double track was entered upon; stops were 
fewer, as a local train serves the numerous towns 
and villages thence to Vancouver and the speed 
became much higher, upwards of 70 m.p.h., I 
should say. It was getting late; suddenly the 
headlamp’s searching beam sprang out, the shaded 
light in the cab was switched on, and the last thing 
I remember before daylight faded was the cool, 
clean air coming off the mirror-like surface of the 
Fraser at Mission, and we began to run through the 
level light-spangled delta, along the shore of 


to a standstill in the depédt at 10.30 p.m. Another 


interesting locomotive experience was over. The 
129 miles from North Bend had taken 265 minutes, 
which included fifteen stops, 29-2 m.p.h. 


YONCLUSION 


In titis account I have given an outline of a 
Canadian Transcontinental journey as seen from 
the cab, so the reader can picture it for himself and 
gather what kind of work the locomotives have to 
accomplish. It could only be a summary, as where 
distances are so great and conditions so diverse 
such a mass of details go to make up the whole 
that a book would be needed to include them ,all— 
and a big book at that. Ifthe reader will put this 
account alongside those of one or two of my 
British locomotive experiences, he cannot fail to 
see how different locomotive work is on the two 
sides of the herring-pond, and how impossible it 
is really to pass judgment on the respective merits 
of it, which would be a thankless and dangerous 
task I have not the slightest intention of attempting. 
Both sides of the Atlantic can show fine 
performances ; all I will admit is that they are 
rather more spectacular over here. I will leave 
my experiences to speak for themselves. 

In Canada train loads are very often much greater 
than in England ; stops are more frequent, average 
speeds generally lower, maximum speeds—well, 
also lower, but not so very much. In England I 
recorded 90 m.p.h. or more twice only—with the 








FIG. 23—MONUMENT MARKING COMPLETION OF 
C.P.R., CRAIGELLACHIE 


“Flying Scotsman’ and “Cornish Riviera * 
80-85 was reached several times, but round alent 
70 m.p.h. seemed to be the usual rate of travel 
with express trains. In Eastern Canada I have 
noted 80 m.p.h. more than once—with “‘ The 
International ” and “ Royal York ’—and in the 
West 70-75 has been quite common, but most of 
these speeds were reached with trains weighing 
from 800 to well over 1000 tons. ‘‘ The Dominion,”’ 
which can weigh over 1500 tons, averages 33 m.p.h. 
while covering the 2882 miles between Montreal 
and Vancouver, but a good many hours have to be 
deducted for stops, and I should think the running 
average must be upwards of 40 m.p.h. Supposing 
one took train from Penzance to Wick, what would 
the average speed be ? Probably no greater than 
*“The Dominion’s,” and the load would be less 
than one-third. No, I refuse to criticise—much'! 
I have had many very enjoyable trips in the Old 
Land and the New, which pleasure I have tried to 
hand on to others. Everybody has been very good 
to me, some very, very good; I am still fond of 
locomotives—but window wipers ought to be 
compulsory. 

I am greatly indebted to Canadian Pacific 
officials and staff, covering the whole span from 
Montreal to Vancouver, for their courtesy and help, 
without which this story could not have been 
written ; it was invariable, and very much appre- 
ciated. From the enginemen, too—after all, a good 
deal depends on their attitude during my loco- 
motive investigations—I have never had anything 
but good- fellowship, to my gratification—and 





Burrard Inlet, threading the suburbs of Vancouver, 


surprise. 
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The Mechanical Properties of Solids’ 


By Professor E. N. DA C. ANDRADE, Ph.D., D.Sc., F.R.S. 
° No. I 


INTRODUCTION 


T is a strange paradox of science that the more 

gross and palpable the phenomena, the harder 
it is to win an understanding as to their true 
nature ; that the ultimate mechanism of happen- 
ings which involve objects that we can see and 
handle readily is much more obscure and compli- 
cated than that of things concerning which our 
knowledge is only indirect. Scientifically the 
behaviour of gases is much more readily explained 
than that of liquids or solids, although man as an 
artificer has been dealing with the latter for 
hundreds, nay thousands, of years, and had 
amassed isolated rules as to individual behaviour 
before he knew of the existence of any gas but air. 
With gases themselves we find that the more 
tenuous they are, and in that sense the more diffi- 
cult to handle, the simpler they are. The flow of 
gases at low pressure is simple, that of liquids more 
difficult, that of solids still more complicated. 
The flow of electricity through metals, the laws of 
which were worked out long before the flow of 
electricity through gases was studied seriously, 
offers much greater difficulties to the theoretical 
physicist than does the flow of electricity through 
rarefied gases. 

The reason for this contrast is, of course, simple. 
It is easier to explain the behaviour of atoms and 
molecules, in terms of which our modern theories 
are constructed, when they are widely separated, 
so that for most of the time their action upon one 
another is negligible, than when they are packed 
close together, so that everything depends upon 
the forces which they exert upon one another. 

The physicist who is interested in the theoretical 
and the predictable behaviour of electricity and 
the modern electrical engineer meet upon the 
common ground of electronic studies, which have 
to-day such important technical applications. The 
civil engineer and the physicist who is interested 
in the fundamental behaviour of matter, the 
atomic explanation of its mechanical properties, 
have so far scarcely come into touch, because 
precisely those properties of solids which confront 
the builder of bridges and the designer of dams— 
and which have, in some cases, confronted him 
for centuries—are those which the theorist finds 
the most intractable. Any craftsman can show 
the most experienced physicist things about the 
behaviour of iron, for instance, which it will 
puzzle him to explain. A piece of copper wire 
bent round the finger forms a smooth curve, whilst 
a piece of soft iron wire of the same dimensions 
makes sharp bends and takes polygonal form. 
Why? Orowan,1 who called attention to the 
phenomenon, has put forward a tentative explana- 
tion, it is true, but it only throws the matter back 
on phenomena that are still only partially under- 
stood. 


THE MECHANICAL BEHAVIOUR OF SOLIDS 


What I want to discuss to-day is the mechanical 
behaviour of solids. I have already pointed out 
that the difficulty of furnishing a molecular explana- 
tion for this behaviour lies in the fact that, with 
solids, the proximity of the molecules makes the 
intermolecular forces of prime importance. In 
liquids the molecules are packed together about as 
densely as they are in solids, but there is one great 
and familiar difference between solids and liquids 
that is fundamental for our subject. With a liquid 
of given chemical composition the physical pro- 
perties are perfectly definite and can be measured 
on different specimens with a consistency limited 
only by the precision of the measurements ; with 
a solid of given chemical nature—say, a pure 
metal—many of the properties may vary widely 
from specimen to specimen, according to the 
previous history of that specimen. In particular, 
the mechanical strength is not accurately specified 
when we have specified the substance and _ its 
degree of purity, and as a further case of solid 
idiosyncrasy, certain rather complicated properties 
of ionic crystals depend markedly on the state of 
the specimen. Even the density depends some- 
what on the treatment ; thus while, in the tables, 
the density of mercury is given to within | part in 
100,000 the values for the density of copper vary 
over a range of 4 per cent. 





* Institution of Civil Engineers, James Forrest Lecture, 1941. 
1 Proc., Phys. Soc., 52, 8, 1940. 


Some properties, however, of solids are quite 
consistent from specimen to specimen; we may 
cite specific heat, melting point, coefficient of 
thermal expansion and lattice constants. Smekal* 
has called the first class of properties, those, like 
mechanical strength in particular, which vary 
widely from specimen to specimen, according to 
the history of the sample, ‘ structure-sensitive,” 
as against the “ structure-insensitive ’’ properties 
just cited. The existence of structure-sensitive 
properties in crystals shows one thing clearly, that 
actual crystals cannot consist of atoms or mole- 
cules arranged in the perfect pattern contemplated 
by the mathematician—on a perfect lattice, to 
speak in more technical language—nor can they 
be structures in thermodynamic equilibrium. If 
the crystals were perfect they would all have the 
same properties if of the same material ; similarly, 
if they were in thermodynamic equilibrium, they 
would eventually, from whatever arrangement 
they started, reach a final arrangement correspond- 
ing to the least free energy, and this arrangement, 
and consequently the mechanical properties, would 
always be the same. All crystals as usually dealt 
with must, then, be imperfect, although the possi- 
bility of preparing a perfect crystal must not be 
definitely excluded. The essential difference for 





likewise have a region of perfect elasticity, but if 
a stress be sufficient to cause the plane to move 
one-half of one atomic step with reference to the 
neighbouring plane, then it should be sufficient to 
cause it to execute any number of steps. A shearing 
stress exceeding a certain value would produce 
indefinite glide of one plane over the other, without, 
of course, any hardening. 

Actually, as we shall see, nothing of this kind 
occurs. Before passing on, however, we will 
inquire how a rough theoretical estimate of mech- 
anical strength can be made. When we break an 
ideal crystal rod in tension two fresh surfaces are 
formed, and if the broken pieces of crystal are 
identical in structure with the original crystal the 
only increase in energy will be represented by the 
energy of these surfaces. This must be derived 
from, and cannot exceed, the elastic energy stored 
in the crystal at the moment of breaking ; if F is 
the breaking stress, d the extension at breaking 
point of a length equal to the intermolecular dis- 
tance a, y the surface tension, and if we consider 
unit cross-sectional area, then, if Hooke’s law 
holds up to fracture, 

work done=} F d=2 y ; 
and if E is Young’s modulus, 


y..* 
a 
so that 
4yE 
yes = 


a 
To find F we have to estimate the surface tension 
of a solid. This cannot be measured by ordinary 
methods, but since the intermolecular distances 





FIGS. 1 AND 2—TYPICAL” SURFACE CRACKS IN PYREX GLASS AND QUARTZ GLASS DEVELOPED 
BY SODIUM VAPOUR 


our purposes is that a solid can support internal 
stresses, which may be different from specimen to 
specimen, while a liquid, by definition, cannot 
support any internal stresses permanently. 


THE BEHAVIOUR OF CRYSTALS 


Let us consider how a perfect crystal should 
behave under stress. Each atom is in equilibrium 
because both attractive and repulsive forces exist 
between any two atoms, varying inversely as 
different powers of the distance between them— 
say, an attractive force varying as l/r? and a 
repulsive force varying as 1/r", where n may be 
somewhere about 10. At the equilibrium distance 
these forces just counterbalance; if we try to 
separate the atoms the attractive force pre- 
ponderates, while if we try to push them together 
the repulsive force preponderates. If we try 
to slide one plane of atoms over another plane, 
or, say, one row of atoms over another, the 
distance between two adjacent atoms first increases 
and then decreases again; the force will rise 
to a maximum and then decrease. If, there- 
fore, we apply an increasing tension normal 
to a given set of crystal planes, the distances 
between the atoms should increase until the 
tension is sufficient to overcome the attractive 
forces, when the planes should separate and the 
crystal should break. Until this point is reached 
the crystal should, if we release the tension, 
always return to its original state. We should 
expect a range of perfect elasticity, followed by 
sudden fracture. For a shearing stress we should 











2 Phys. Z., 34, 633, 1933. 


concerned in the solid state are not very different 
from those in the liquid state, the intermolecular 
forces must be much the same in both cases and the 
surface tension of a substance in the solid state 
cannot be very different from that of the same 
substance in the liquid state. For liquid metals 
the surface tensions are of the order of 500 dynes 
per centimetre,’ the intermolecular distance is 
about 3x 10-8 cm. and Young’s modulus, for the 
stronger metals, about 2 megabars.* This gives 
for F a value of about 360 kilobars (2300 tons 
weight per square inch), which is about forty times 
the tensile strength of the toughest metal.’ If we 


3 The recorded figures vary from 350 dynes per centimetre 
for antimony at 640 deg. Cent. to 1150 dynes per centimetre for 
a certain cast iron at 1150 deg. Cent. For mercury at 20 deg. 
Cent. the figure is 465 dynes per centimetre. 

4 Strength is expressed in various units, such as tons weight 
per square inch; pounds weight per square inch; grammes 
weight per square centimetre; grammes weight per square 
millimetre; kilogrammes weight per square millimetre 
(“weight ” being habitually, but unfortunately, omitted), 
dynes per square millimetre, and so on. The best unit for 
scientific work would seem to be the bar, which is 10° dynes 
per square centimetre; it is already habitually used by the 
meteorologists to express pressure—1l0 grammes weight per 
square millimetre is (within 2 per cent.) 1 bar; 1 ton weight 
per square inch is 154-6 bars. The kilobar is, of course, a thou- 
sand bars; the megabar a million bars. I hope that engineers 
will consider the gradual adoption of the system; 1 kilobar 
is about 6-5 tons weight per square inch; 1 bar is about 
14-5 lb. weight per square inch. 

51I prefer not to use the term “ultimate tensile strength,” 
since it is usually employed in a very unfortunate way by 
engineers. They ordinarily denote by it the breaking load 
divided by the original cross-sectional area, whereas, except in 
the unusual case of brittle fracture, marked reduction of area 
(“necking ’’) precedes rupture. The term, used in this con- 
ventional manner, has no significance, and its use has led to 
much confusion. In the case of plastic flow of metals, I showed 
some time ago the great simplification that results from measur- 
ing the flow under constant stress instead of under constant load. 
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take the yield point, instead of the tensile strength 
for comparison with the theoretical value, the dis- 
crepancy is even greater. Similar calculations can 
be carried out for the theoretical shear strength 
and give a value of about 130 kilobars, some forty 
times that observed for steel. Thus even the 
toughest metals show much less than the theoretical 
strength. 

The ordinary metals, however, are polycrystal- 
line metals; it may be suggested that for com- 
parison with theory it would be fairer, perhaps, to 
consider a single crystal. I take rock salt as an 
example, for it is a simple face-centred cubic 
crystal composed of alternate positive and negative 
ions, for which the mathematicians can carry out 
exact calculations of, for example, the theoretical 
strength. For rock salt this works out to be 
20 kilobars and rupture should theoretically be 
preceded by an elastic extension of 14 per cent. 
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FiG. 3—GLASS REINFORCED CONCRETE 


It is interesting to note that surface tension con- 
siderations give a similar value of the theoretical 
strength, which confirms our belief in the validity 
of the surface tension method of estimating 
strength. The actual breaking strength of rock 
salt under tension is, however, about 20 bars ; 
that is, about one-thousandth of what it should 
be. Rock salt does give brittle fracture, with very 
small extension, at ordinary temperatures, although 
at higher temperatures above 600 deg. Cent., it 
shows plastic behaviour. 

A perfect ionic crystal of a type which is well 
understood theoretically.is, then, in practice much 
too weak and has much too small an elastic 
region. Let us look at its behaviour in a little 
more detail, for it will help us later with our metals. 
‘To examine a transparent crystal we have an agent 
which we cannot use for metals, polarised light. A 
cubic crystal such as rock salt has, in an unstrained 
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(a) (b) (c) (d) 


FiG. 4—GLIDE PLANE AND GLIDE DIRECTIONS IN 
A HEXAGONAL CRYSTAL 


condition, no effect on such light ; any strain that 
makes the crystal depart from its precise cubic 
structure causes it, however, to become doubly 
refracting. Obreimow and Schubnikow® loaded a 
crystal of rock salt in a beam of polarised light ; 
at a low stress, of about 8 bars, bright streaks 
appeared along two directions at right angles, 
which were the traces of (110) planes. These lines 
did not appear as soon as the stress was applied, 
but arose spontaneously some twenty seconds later. 
As the stress was increased the bright lines increased 
in number, but appeared always in the same 
crystallographic directions. Surface marks also 
appear in the same direction if the crystal undergoes 
plastic extension at high temperature. The crystal 
shows permanent slip on certain crystallographic 





planes, but the polarised light shows that its 
crystalline perfection has been destroyed along 
these planes. The glide-planes were established 
much earlier in metals, but I quote rock salt 
first because of the ease with which this latter 
point can be established. The same thing has 
been shown with other transparent crystals, for 
example, potassium halides. 
Guass : SuRFACE Errects 
Let us see if we fare any better as regards strength 
if we take a non-crystalline substance, say, glass. 
The surface tensions of molten. glasses are round 
about 150 dynes per centimetre, which gives 
theoretical strengths of the order 100 kilobars. 
The actual strength of ordinary glass fibres, which 
give brittle fracture at room temperatures, is from 
300 to 900 bars—less than one-hundredth of what 
it should be. Here, however, we meet a curious 
fact of great importance for our subject: freshly 
drawn glass fibres, of hard glass, are very much 





Fic. 5—SLIP PLANES OF MOLYBDENUM AT 1000° C. 


stronger than old fibres, of the same glass, but 
gradually lose their strength as time goes on and 
come down to a steady value. Touching or handling 
the fresh fibres weakens them. A. A. Griffith,’ 
who has carried out fundamental work on this 
subject, assumes that the cause of the weakening 
is the formation of invisible surface cracks, which 
are absent in a fresh fire-drawn material. The 
breaking strength will depend upon the depth of 
the crack and the radius of curvature at the end ; 
the greater the former and the smaller the latter, 
the higher the local stress and the weaker the 
material. There is a limit to the radius of curva- 
ture ; it cannot be less than something of the order 
of the inter-atomic distance. If we assume a 





Fic. 6—SLIP PLANES OF MOLYBDENUM AT 1500° C. 


reasonable value we can work out the depth of the 
crack needed to give the observed strength, and 
it comes out about 1 or 2 yu, say, twice the wave- 
length of visible light. Of course, if we have 
threads of this order of diameter we cannot have 
cracks of this depth, and very fine threads are, in 
fact, stronger per unit cross section than large 
threads. The variations of stress, due to cooling, 
necessary for the formation of the cracks probably 
cannot be established in such fine threads. 

These cracks are no longer a mere hypothesis. 
Mr. Tsien and I® found that attack by sodium 
vapour (but not by hydrofluoric acid) would develop 
the cracks and make them visible. On freshly 
drawn hard glass tube no, or very few, cracks could 





Fic. 7—SLIP PLANE OF MOLYBDENUM AT 2000° C. 


be detected—on the same tube, when old, many 
cracks were made visible. They ran transverse to 
the direction of drawing of the glass rod or tube, as 
they should. Various controls established that 
we were not dealing with a spurious phenomenon. 
Fig. 1 shows typical cracks, developed by sodium 
vapour, on the inside of a pyrex glass tube ; 
Fig. 2 shows the same kind of thing with quartz 
glass. Dr. Martindale and I® also found that when 
very thin films of gold and silver were heated to 
about 300 deg. Cent. on glass surfaces minute 
crystallites formed up in lines, which were in 
general parallel. These lines are not caused by 
visible scratches but are attributable to minute 
surface cracks, a hypothesis which is confirmed by 


? Phil. Trans. Roy. Soc., A, 221, 163, 1921. 


the behaviour of the two known types of diamond, 
one of which is perfect, while the other contains 
invisible flaws, made evident by certain. physical 
properties. The perfect type shows no lines of 
crystallites ; with the other type such lines form. 
I may add that just before the war I succeeded in 
showing the minute surface cracks in hard glass by 
a special type of illumination.!° 

An experiment of Orowan’s" is instructive in 
this connection. If a strip of mica be loaded by 
means of parallel metal clamps, extended across 
the whole strip, so that the edges are stressed, we 
find a maximum strength of about 3 kilobars, 
approximately that of wrought iron and very much 
in excess of that of glass and of rock salt. The flat 
faces of mica are very perfect,!? but the cut edges 
have, of course, no such perfection. By using 
special clamps, gripping the sheet near the middle 
only, stress at these edges can be avoided. For a 
mica sheet loaded in this way the strength goes up 
to 32 kilobars, more than ten times that with the 
other method of loading, and much in excess of 
that of the best constructional steel. The preju- 
dicial effect of trivial and invisible cracks at the 
cut edge is clear. 

These considerations furnish us with funda- 
mental material for the understanding of brittle 
rupture, but possibly appear very remote from any 
practical consideration. They may, however, not 
always be so. Recently a serious proposal to use 





Fic. 8—SLIP PLANES OF CADMIUM AT ROOM 
TEMPERATURE 


ordinary glass as a substitute for steel in reinforced 
concrete has been put forward by Messrs. Soden 
and Lincoln.1* The glass is introduced in the form 
of flat “ planks ” set on edge in the beam, as shown 
in Fig. 3, the lower edges being in tension and the 
upper edges unstressed. or in slight compression. 
Now, the inventors specify that the lower edge 
must be a fire-finished edge, while the upper edge, 
which is cut, must not be in tension. The minute 
cracks in a cut edge are certainly much more pro- 
nounced than those in a fire-finished edge. Glass- 
reinforced beams have shown themselves perfectly 
satisfactory under static load, but offer some dis- 
advantages under impact test, as compared 
with ordinary reinforced concretes. You will not 
expect me to pronounce definitely as to the feasi- 





FIG. 9—SLIP BANDS OF PURE MERCURY 


bility of utilising this new invention, but the pro- 
posal is evidently worthy of serious consideration. 
There are other industrial examples of the 
importance of the avoidance of surface cracks. 
Toughened glass is prepared by rapidly cooling the 
surface of the slabs while the interior is still molten. 
When the internal part solidifies and cools the 
shrinkage pulls the surface into a state of com- 
pression, which prevents the formation of cracks. 
The glazing of industrial porcelain, for insulators 
and such-like, is also instructive in this connection. 
If the object is to be strong the glaze must have a 
coefficient of thermal expansion lower than that of 
the porcelain body. When the cooling takes place 
after glazing, the greater shrinkage of the body 
pulls the surface glaze into a state of compression. 
If a glaze with a higher coefficient of expansion be 
used, the strength of the porcelain is less than that 
of the unglazed body. The swelling of the metal 
surface by the process of nitriding may also act as 
a talisman against fatigue cracks, which usually 
start at the surface. 

10 Unpublished. 

1 Z, Physik, 82, 235, 1933. 

12 They show no lines of crystallites when metal films are 
heated on them. 

18 Engineering, 150, 225, 1940. 


14 The inventors take for the safe stress in glass 170 bars 
(2500 lb. per square centimetre), about one-half of the worst 








§ Proc. Roy. Soc., A, 159, 346, 1937. 





° Z. Physik, 41, 907, 1927. 





® Phil. Trans. Roy. Soc., A, 235, 69, 1935. 





figure quoted for tensile strength and one-fifth of the best—the 
tensile strength of the particular glass used is not given. 
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The study of ionic crystals, then, has shown us 
that yield takes place along certain crystallographic 
planes, and that along these planes a state of 
permanent internal stress is set up. The study of 
glasses and of mica has shown us that submicro- 
scopic imperfections, invisible cracks, play a 
fundamental part in the yield with brittle fracture. 
[ may add that a certain peculiar behaviour of 
rock salt has been invoked to support the theory 
that surface cracks are the origin of glide. If a 
plate of rock.salt be held under warm water it can 
be bent like a piece of lead, and in general shows 
a plastic behaviour which contrasts strongly with 
its brittle behaviour under ordinary conditions. 
Joffel5, who directed attention to the effect, 
attributes it to the solution of the surface layers 
and, in consequence, the removal of surface cracks ; 
others have explained it as due to the penetration 
of water into the crystal structure. I have shown,!® 
however, that a crystal can be readily bent under 
cold running water ; this, owing to the avoidance 
of any approach to saturation, will give a high 
rate of surface solution, but a smaller diffusion 
than warm water, and so speaks for a surface effect. 


THE MECHANICAL BEHAVIOUR OF METALS 


I now turn to the question of the mechanical 
behaviour of metals. Metals, as the engineer 
knows them, consist of masses of crystals, separated 





Fic. 10—-SLiP BANDS OF PURE MERCURY 


by boundaries that appear sharp under the highest 
magnification, and the study of the crystal struc- 
ture of metals, initiated seventy-seven years ago 
by Sorby, is well known to be of the greatest 
importance for the metallurgist. As we have seen, 
the behaviour of a perfect single crystal under 
stress should theoretically be either brittle fracture 
within the elastic limit, under tension, or unlimited 
glide under shear, and the stresses theoretically 
required to produce fracture or glide are very 
much in excess of those observed experimentally. 
Further, an ideal crystal should show no hardening 
under plastic flow. 

At first it might seem possible that the failure 
of a piece of ordinary polycrystalline metal to show 





Fic. 11—SLIP IN CADMIUM CRYSTAL WITH PLANES 
NEARLY NORMAL TO Axis 


the properties of a perfect crystal could be attri- 
buted to the fact that it is not a single crystal, but 
an aggregate. The crystal boundaries might play 
an important part in determining the metallic 
properties. We shall see that they do, but hardly 
in the way to be anticipated. In any case, it is 
clear that if we desire to understand metallic 
behaviour we must first understand the behaviour 
of a single crystal of metal, just as any civil engi- 
neer who wanted to understand the properties of a 
girder structure would first study the properties 
of.a single girder. 

Single crystal specimens of metals can be pre- 
pared in a variety of ways. If one desires to 
experiment with a rod of crystal such as rock 
salt, it is usual to take a block of crystal, 
with the ordinary faces developed, so that it is 


clearly recognisable as a crystal, and to turn or4 


cut a specimen from it. This is not the usual way 
of preparing single crystal specimens of metal, 
although K. W. Hausser!’ did prepare crystals of 
metal weighing several pounds, and turn, for 
instance, spheres out of them ; even then the 
original specimens were made in a cylindrical 





15 Z. Physik, 22, 286, 1924. 
16 Unpublished. 
17 Wiss. Veroff. Siemens-Konzern, 5, 144, 1927. 





mould and did not have natural faces. It is diffi- 
cult to prepare such large specimens and the 
cutting of the test piece is likely to introduce 
strains which, as we shall see, modify the properties. 
The better and more usual way is to prepare the 
specimen from ordinary polycrystalline metal, 
and then, by suitable treatment, to change its 
inner structure to that of one crystal, leaving the 
outer faces unmodified. Sir Harold Carpenter and 
Miss Elam,}* for instance, cut flat test pieces of 
aluminium, of the ordinary form, and then by a 
process of repeated strain and reheating converted 
the whole piece into one crystal, or occasionally into 
two or three crystals with boundaries. The more 
usual form, however, is that of a cylindrical rod 
or stout wire. 

I prepared the first single crystal specimens of 
certain metals by the suitable heating of wires as 
long ago as 1913; but the work was interrupted 
by the war of 1914 and it was not until nearly 
twenty years later that I was able to take up the 
subject again. A usual method is to cause the 
desired crystallisation by melting the wire and then, 
by suitable progressive cooling from one end, 
promote the growth of the crystal structure from a 
single small “seed” crystal. There are many 
modifications of the method, with which I must not 
trouble you now. 

The specimen so prepared will, to casual inspec- 
tion, be indistinguishable from a wire or rod of 
ordinary metal. X-rays, of course, will at once 
reveal its nature, as all the reflecting planes, of one 
kind, will be parallel (or very nearly parallel) to 
one ‘another. There is no need, however, to use 
X-rays, valuable as they are as a method of investi- 
gation, to show that a single crystal specimen is not 
an ordinary wire; the simplest mechanical tests 





Fic. 12—DOUBLE GLIDE IN CADMIUM: TWO 
DIRECTIONS EQUALLY FAVOURABLE 


will at once give evidence that there is something 
peculiar about it. . 

In the first place metal single crystals are not, as 
might be expected, very strong, but they are very 
soft. They also show very remarkable strain 
hardening, a phenomenon which I have not hitherto 
discussed. A copper crystal rod half an inch in 
diameter behaves like lead at first manipulation ; 
it can be very easily bent in the hands, but becomes 
progressively harder to deform. It takes a very 
strong man to bend back to its original form such 
a rod that has once been deformed into a semi- 
circle. Brittle behaviour is not unknown in single 
crystal specimens (bismuth crystals, for instance, 
show brittle fracture at low temperature), but it is 
not typical. 

THE GEOMETRY OF GLIDE 

Remarkable properties of single crystal wires 
can be exhibited by simply subjecting them to 
tension. On slight extension a number of parallel 
markings appear on the surface and as elongation 
proceeds these become, in general, more and more 
marked ; in some cases the number increases. The 
wire retains practically its full diameter in one 
direction and thins in a direction more or less 
normal to this, so that in the case of wires that can 
be pulled to several times their original length, 
such as, for example, cadmium wires, the original 
cylinder becomes a thin ribbon. As the result of 
the work of Polanyi, Schmidt, G. I. Taylor and 
others this, behaviour has been expressed in terms 
of the geometry of the crystal.!® The slip takes 
place preferentially on certain types of crystal 
planes and in certain definite crystallographic 
directions—the glide planes and glide directions. 

Conditions are simplest in the metals of hexa- 
gonal crystal structure, for here the usual glide 
plane is the hexagonal base, which is unique. In 


48 Proc. Roy. Soc., A, 100, 329, 1921. 

19 See, for example, C. F. Elam, “‘ Distortion of Metal Crystals,” 
Oxford, 1935. 

20 Under certain conditions of temperature glide can take 
place on other planes, the so-called prismatic faces of the first 
and second kind. 














face-centred cubic crystals, on the other hand, glide 
takes place on the octahedral faces, of which there 
are four, all exactly equivalent to one another. 
Considering, then, for the moment hexagonal 
metals, such as zinc, cadmium and magnesium, the 
slip takes place on one set of planes, all parallel 
to one another. As regards direction, it takes place 
along a line joining opposite corners of the hexagon, 
so that there are three equivalent glide directions. 
Which of these three is effective depends upon the 
direction in which the force is applied. Fig. 4% 
illustrates this schematically : (a) shows the wire 
before slip, the plane exposed being structurally 
a hexagonal basal plane, with the directions of the 
three digonal axes indicated by the hexagon. The 
digonal axis nearest to the direction T of the 
tension, projected on the plane, will be the one 
along which glide takes place ; (c) shows the situa- 
tion after glide ; (b) and (d) are views of (a) and (c) 
respectively, seen from a line in the glide plane and 
normal to the wire axis. 

If slip took place equally readily on all parallel 
atomic planes, the crystal surface would, of course, 
be as smooth after extension as it is before exten- 
sion. What takes place, however, is a preferential 
glide in the neighbourhood of certain planes, the 
so-called slip planes, spaced at more or less regular 
intervals, so that the crystal appears to slip in 
parallel slices or slabs. This produces the remark- 
able stepped appearance characteristic of crystal 





Fic. 13—DOUBLE GLIDE IN MOLYBDENUM AT 
330° C.: Two CRYSTALS SIDE BY SIDE 


wires that have been much extended. In general, 
the spacing of the slip planes becomes wider and 
wider as the temperature is raised. With molyb- 
denum at 1000 deg. and 1500 deg. Cent., for 
instance, the coarse appearance of the slip packets 
is very striking, as seen in Figs. 5°? and 673; with 
molybdenum at 2000 deg. Cent. the slip may 
take place all at one plane, as shown in Fig. 7. 
This may be compared with the appearance of 
cadmium at room temperature, Fig. 8.24 It has 
been suggested that the choice of the particular 


{region where marked glide takes place may be 


local impurities, but experiments carried out in 
my laboratory with wires of exceedingly pure solid 
mercury” (the impurity was probably about one 





FiG. 14—DOUBLE GLIDE IN MERCURY: TWO 
PLANES EQUALLY FAVOURABLE 


in a hundred million), show that this cannot be so. 
The slip bands are very fine and close. Figs. 9% 
and 10?? show photographs, due to Dr. Greenland, 
of slip in wires of solid mercury, the former viewed 
from a direction in the glide plane and normal 
to the wire axis. The whole question of the 
formation of these bands, which represent a kind 
of local avalanches, is a complicated one to which 
reference will be made later. 

If a number of single crystal wires of cadmium, 
say, are taken, it will be found that the load under 
which they begin to deform will vary from specimen 
to specimen. The reason is that what determines 
the plastic behaviour is the sheer stress on the 
glide plane resolved in the glide direction ; thus, 
if a load W be applied to a wire specimen of cross- 
sectional area A, and the glide plane and glide 
direction make angles x and A with the axis of the 





21 Adapted from E. Schmid and W. Boas, Kristallplastizitit, 
A 59, Berlin, 1935. 

2 L. C. Tsien and Y. 8. Chow, Proc. Roy. Soc., A, 163, 19. 
1937. 

23. N. da C. Andrade and Y. S- Chow, Proc. Roy. Soe., 
A, 175, 290, 1940. 

#1. C. Tsien and Y. S. Chow, loc. cit. 

25 Mercury can be prepared in greater purity than any other 
metal. 

26E. N. C. da Andrade and R. Roscoe, Proc. Phys. Soc., 
49, 152, 1937. 

27 K. M. Greenland, Proc. Roy. Soc., A, 163, 28, 1937. 
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wire, then the so-called critical shear stress, which 
is a constant for the metal, is given by 
S=W/A cos A sin x. 

‘The behaviour is complicated by the fact that as 
the wire is stretched the planes rotate. They tend 
to move all parallel to one another, and can only 
do this by bending near the grips. The geometry 
of glide has been fully worked out, and explains 
some of the extraurdinary features which single 
crystals show under stress. For instance, if the 
wlide planes of cadmium are nearly normal to the 
axis of the wire, glide may take place at one or 
two places only, giving the strange appearance 
shown. in Fig. 11,78 which I call “ stove-pipe slip.” 
The main part of the wire bends very slightly, so 
as to keep the mid parts of the short elbows in line 
with the direction of tension. Another strange 
appearance is shown in Fig. 12.2% This takes 
place when two of the glide directions are equally 
favourable, so that short lengths of the crystal 
slip alternately in one and the other direction. 
Double glide in cubic crystals and other crystals 
where there is more than one set of equivalent glide 
planes can also take place on different sets of glide 
planes, which either happen to be equally favour- 
ably disposed injtially, or become so in consequence 
of changes in the course of extension. Fig. 13%° 
shows a curious case, where two crystals have 
grown side by side in a molybdenum wire, and on 
extension at 300 deg. Cent. double glide has taken 
place in each. Fig. 14%! shows double glide in a 
mercury crystal. Double glide on two sets of 
planes, disposed equally favourably, can be also 
seen in Fig. 9. 

After a certain amount of extension has taken 
place the crystal may show another phenomenon, 
that of twinning, the molecules moving so that the 
crystal structure in one part of the twin is the 
mirror image of that in the other part of the twin. 
Fig. 158? shows a boundary where twinning has 
taken place in a mercury crystal. The reason for 





Fic. 15—TWINNING IN A MERCURY CRYSTAL 


this twinning is still obscure, but it adds to the 
difficulties of the subject. In cubic and rhombo- 
hedral metals, where there are groups of exactly 
equivalent glide planes, on which glide may take 
place simultaneously or consecutively, things may 
be very complicated. In a general way, however, 
the geometry of the glide in single crystals has been 
worked out and most of the broad phenomena can 
_ be explained. If it is remembered that the indi- 
vidual crystallites in a polycrystalline metal can 
behave in any of the ways indicated, and that 
crystallites differently disposed behave in different 
ways in one specimen, the complexity of the 
problems of an ordinary metal can easily be 
realised. 

(To be continued) 
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American Railway Engineering 
Convention 


RAILWAY construction and maintenance, railway 
structures, railway rolling stock, railway opera- 
tion or working, and railway economics were all 
included in the reports and discussions at the forty- 
second annual meeting of the American Railway 
Engineering Association, in March. With numerous 
reports covering such a wide variety of subjects, only 
a brief survey of the Convention proceedings is 
practicable. 

Impact in relation to bridge design was dealt with 
in a report of a comprehensive investigation on girder 
and truss bridges on the Pennsylvania Railroad, 
where heavy traffic includes steam trains at 90 miles 
an hour and other trains with electric locomotives 
at 105 miles an hour. These studies and measure- 
ments were of particular value, since they afforded a 
comparison of impact effects due to steam and elec- 





°8K. M. Greenland, loc. cit. 

29 E. N. da C. Andrade and R. Roscoe, loc. cit. 
30 E, N. da C. Andrade and R. Roscoe, loc. cit. 
31 FE, N. da C, Andrade, unpublished. 


tric locomotives, the latter having no unbalanced 
counterweights in the driving wheels. It appears 
that the impact allowances in the American Associa- 
tion’s specifications for steel bridges are ample, with 
the possible exception of speed effect and lateral 
forces. There was some increase in vertical forces 
due to speed, and if these are found to occur in other 
bridges, it may be necessary to introduce some allow- 
ance for them. Special instruments for these obser- 
vations were devised, and determination of impact 
by the measurement of stresses by means of instru- 
ments is more satisfactory than by measuring 
deflections. 

Instructions for maintenance inspection of steel 
bridges were presented, together with a long list of 
detailed features to be noted. A design for un- 
ballasted bridges over streets, which was widely 
used in early types of such bridges, merits considera- 
tion when the depth from rail base to clearance line 
is small. The rails are laid on strips of wood or fibre 
on longitudinal plates, which, in turn, are riveted 
or welded to transverse rolled joists seated on the 
bottom flanges of the plate girders. Rolled angles or 
Z sections similarly attached serve to stiffen the plates 
and form guard rails. The rails are secured by bolted 
clips and light steel deck plates form a covering over 
the street or road. 

For timber bridges and trestles, specifications were 
submitted covering structural timbers and softwood 
lumber. Also complete specifications for such bridges 
and trestles, which will be proposed for adoption in 
1942. Dead load includes 200 lb. per linear foot of 
track for rails, guard rails, and rail fastenings ; 
120 lb. per cubic foot for ballast and ties—sleepers ; 
5 1b. per foot board measure for timber, and actual 
weight of any protective covering. Protection against 
fire in long timber trestles may be provided by :— 
(1) Ballasted decks, (2) metal covering over decks, 
(3) bituminous mastic covering with sand embedded 
in it, (4) metal covering over transverse caps and 
longitudinal beams, (5) fire retardant salts or paints, 
(6) interruption of the timber structure by short 
embankments or concrete piers in place of piles at 
intervals. 

Protection of submerged timbers against marine 
borers is being studied by test piles and test pieces 
at various points around the coast. It appears that 
the life of timber in badly infested waters is some- 
what prolonged by treatment with fuel oil, to which 
2} per cent. of dinitrophenol has been added. This 
is effective against the teredo navalis, but less so 
against limnoria. Whether the addition of dinitro- 
phenol to creosote is effective has not been determined. 
Tests of protective shields or casings on timbers 
submerged in sea water were discussed, as well as the 
life of steel castings and steel sheet piles. Such 
investigations and tests made by the Corps of Engi- 
neers, United States Army, indicate an average loss 
in milligrammes per square inch per year of 603 at 
mean tide level, and 813 for submerged steel. In 
this connection, reference was made to the 1938 report 
of a committee of the British Institution of Civil 
Engineers. As to pile driving, formule are based 
usually on energy of blow and penetration of pile or 
a dynamic condition, while what is really desired is 
satisfactory static bearing capacity, which has no 
relation to dynamic resistance. 

Masonry work included new specifications for the 
design of concrete columns, and a review of the five 
types of Portland cement which have been praposed 
by the American Society for Testing Materials to 
cover all engineering uses of cement. Other specifica- 
tions submitted included the lining of tunnels by 
“ shotcrete ’’—concrete shot into place by pneumatic 
pressure—the solidification of masonry by grouting, 
and the preparation of concrete to be deposited under 
water. In pile foundation work study has been made 
of the relation between energy of hammer and the 
weight or mass of the pile. This includes wood and 


_| concrete piles, but neither bearing nor sheet steel piles. 


The terminal facilities needed for maintenance, 
inspection, running repair and servicing of electric 
and petrol locomotives at running sheds were dis- 
cussed in a report, with the conclusion that inspec- 
tion pits are particularly necessary. An allied subject 
was the servicing of electric and air-conditioning 
equipment on passenger coaches. Mechanical washers 
for cleaning passenger coaches in the coach yards have 
been used extensively on electric tramways and elec- 
tric interurban railways, but as yet have been used 
only to limited extent by steam railways. For goods 
traffic a new requirement at a number of terminals 
is the provision for moving motor lorries and trailers 
on and off railway flat wagons—or platform wagons. 
This innovation is due to the increase in combined 
rail and road traffic. 

Controlled cooling of rails appears to be effective 
in preventing transverse fissure failures of rails, since 
the few such failures in rails thus treated are all 
shown to have developed from inclusions and not 
from the “ shatter cracks’ which the treatment is 
intended to prevent. Extended tests have been 
made on failures of various types of splice bars—fish 
plates—including a photo-elastic study of the design 
of such bars. It is concluded that certain forms of 
failures are caused by instability of the sectional 
shape considered as wedges. A line bearing rather 
than a full surface contact increases contact stresses 
due to bolt tension, while failures are hastened by 


bars to be more stable as wedges, or by lowering the 
bolt holes, or by restricting the bolt tension. Fasten- 
ings for welded rails include clips bolted to base 
plates which are secured to the ties by screw spikes, 
or plain spikes for both the rail and the base plates. 

For reduction of corrosion of rails, bars, and 
fastenings in tunnels, various commercial alloys have 
been tried, as well as zinc spray and other coatings. 
The most effective is the zinc spray, since zinc is 
not easily corroded by the gases existing in tunnels. 
The suggestion was made for special rails with 
increased depth of head for wear, and zinc spray 
applied over all except the running surface. With 
oil engine locomotives, special control of the corro- 
sive elements in the fuel oil would be required. 
Tests are continuing on the lubrication of rails on 
curves, and on means of controlling the destructive 
effects of brine droppings from refrigerator cars. 
Another important matter is the revision of rules for 
the spiralling of curves, in order to adapt them for 
high-speed service. 

In earthwork, settlement of embankments depends 
on the material used and the method of placing. The 
latter includes compacting in layers (which is common 
in highway practice, with layers, 6in. to 8in. thick) ; 
spreading by travel of the construttion equipment, 
rolling, and jetting. The moisture content and 
density are factors to be considered. For ties or 
sleepers it was definitely recommended that a 9ft. 
length should be adopted, with ceasing to purchase 
8ft. ties. Electrified fences were considered unsuit- 
able for railway work, as being likely to result in 
claims for injury to persons and cattle. As used in 
farm work, there is usually a single strand of barbed 
wire carried on insulators and charged with current 
sufficient to give an animal a shacp shock without 
causing injury. Battery current or alternating 
current from a power station may be used. 

Power machinery equipment for maintenance work 
on the line is increasing steadily, as is the use of 
** off-track ’”? equipment, to reduce the interference 
of maintenance work with regular traffic. Tractors, 
trailers, motor lorries, and such machines as mowers, 
ditch cleaners, air compressors, excavators, &c., 
mounted on pneumatic tyres can be operated along 
the roads or railway property to facilitate work or 
to transport men and materials without occupying 
the tracks. The efficient lighting of tunnels for work 
on the line is more important than is usually recog- 
nised. Lanterns, torches, and carbide lights are 
inefficient for illumination and are too low for proper 
visibility, and many lights create objectionable 
smoke or fumes. But of some 900 tunnels, less than 
7 per cent. were found to have any form of permanent 
wiring for lamps. The method recommended con- 
sisted of portable lighting plants, with petrol engines 
driving generators for 110-volt current. Such appa- 
ratus, weighing only 70 lb., can serve two floodlights 
of 300 watts, with cord connections and mounted on 
collapsible tripods or wood poles about 6ft. high. 

As to boiler feed water in relation to the embrittle- 
ment or intercrystalline corrosion of locomotive 
boilers, while much can be done to prevent such 
action in existing boilers by the use of organic 
inhibitors, it is of greater importance to exercise care 
in the design, construction, and shop practice on new 
boilers. With such care, the possibility of costly 
failures from this cause is greatly reduced. As to 
access of cylinder and valve lubricating oils to the 
boiler, harmful effects may be prevented by proper 
maintenance of boiler auxiliaries, avoidance of exces- 
sive lubrication, and suitable treatment of the feed 
water. For prevention of corrosion in steel railway 
tanks by action of the water, some benefits appear ‘to 
result from experiments with cathodic protection. 

For obtaining a more intensive use of existing rail- 
way facilities, a plan was presented to ensure maxi- 
mum use of facilities at large ports threugh co-opera- 
tion of the individual railways concerned, the steam- 
ship lines, and the shippers and receivers of freight. 
Under this plan, which is already in force at certain 
ports, there is a manager of port traffic having com- 
plete authority over all movements to or through any 
port under his jurisdiction; at each port a local 
commission, representing the railways and port 
authorities, keeps the manager informed daily as to the 
number of wagons received, wagons unloaded, wagons 
held for unloading, and similar details. From areport 
on the effect of traffic volume and high speeds on railway 
working expenses, it appears that speed has a large 
influence on fuel and water consumption, train crew 
wages, maintenance of way and equipment, and also 
on capital expenditures. Another report related to 
the train resistance of freight trains under various 
conditions of load and speed. 

A subject of special character was the co-operative 
relation between railways and the universities, with 
a view to benefiting the former by securing “ new 
blood,”” and the latter by offering positions and 
opportunities. For these purposes some revision of 
present courses of instruction would be necessary, in 
order to keep pace with changes in modern railway 
affairs. This report discussed the following features : 
—(1) Means of bringing to the attention of railway 
managements the value of men with technical 
education ; (2) means of stimulating among univer- 
sity and college students a greater interest in the 
science of transportation ; and (3) means by which 
the facilities of the universities may be made more 








32, N. da C. Andrade and P. J. Hutchings, Proc. Roy. Soc., 
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high bolt tension. A remedy may lie in designing 








directly available for railway research work. 
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THE DAMPING CAPACITY OF METALS 


From the earliest days of our profession engineers 
have sought to devise some sure means of deter- 
mining beforehand the suitability and trust- 
worthiness of the materials which they propose 
to use in their machines and structures. It must 
be admitted that even to-day the situation in 
this respect is not satisfactory. Indeed, as time 
passes, the testing of materials becomes more 
and more complicated. In days gone by it was 
deemed sufficient for all and sundry applications 
to determine the breaking strength of metals 
under a tensile load. It was a simple, easily 
applied and easily understood test. Complica- 
tions ensued when it was realised that the real 
factor with which engineers were concerned as 
regarded the quality of their materials was not 
their ultimate breaking strength, but their elastic 
limit or limit of proportionality. To determine 
either of these limits particularly the first named 
was considerably more difficult than to determine 
the ultimate breaking strength. The difficulty 
was, and still is, commonly short circuited by 
conveniently assuming that the elastic or propor- 
tionality limit is a substantially constant per- 
centage of the ultimate strength. Next it became 
apparent that for many purposes the tensile 
strength of the metal was no real criterion of its 
suitability or trustworthiness, that it might pass 
as satisfactory metals which ought not to be 
passed, and condemn others which were, in fact, 
quite satisfactory.  Brittleness, for example, 





bears no clearly defined relationship to tensile 
strength. Accordingly, the Izod and other forms 
of test for determining the resistance -of a metal 
to failure under a shock load were devised. Then, 
again, if the loading were fluctuating or repetitive 
it was discovered that failure could occur under 
loads much less than the ultimate strength or 
even less than the elastic limit. Fatigue testing, 
with all its lengthy and costly procedure, was 
thus added to the tasks which the engineer had 


;|to perform—or have performed for him—before 


he could claim to be able to say that he knew the 


suitability and trustworthiness of the materials. 


which he proposed to use. Recently, with the 
increasing call for metals to withstand stress at 
elevated temperatures, the phenomenon of “‘ creep 
has been discovered and new test methods for 
investigating the quality of materials in this 
respect have had to be devised. The harassed engi- 
neer may well ask whether the progress of scientific 
investigation into the mechanical properties of 
metals is not tending to complicate his employ- 
ment and understanding of them rather than 
simplify and clarify the position. He may dream 
of the time when science will be able to give him 
one straightforward, easily applied and quick 
means of satisfying his legitimate interest in the 
trustworthiness of the metals which he receives 
from the foundries and rolling mills. Present 


»|indications are that he will have to continue 


dreaming on these lines for some considerable 
while longer. In spite of the great advance which 
has been made in the testing of materials during 
the past hundred years, the practical engineer, 
limited to his own resources, is little better off 
than his grandfather or great grandfather, who 
had blindly to repose his faith in a simple tensile 
test. 

Recently much has been claimed for the property 
known as the “damping capacity” of a metal 
as a general measure of its trustworthiness. If 
a bar of steel is twisted through some specified 
angle it possesses while so twisted a definite 
amount of stored energy. On the release of the 
twisting force it will untwist, twist over in the 
opposite direction, and then return towards the 
original direction of twist. It will not, however, 
fully recover the initial angle through which it 
was deformed, but will stop short at a lesser angle 
before starting a second cycle of movement. 
At this lesser angle it possesses less stored energy. 
» 2 | Some of the original energy has been lost during 
the oscillation. The amount of this lost energy 
divided by the original energy initially possessed 
by the twisted bar is named the “damping 
capacity ” of the metal. To measure the energy 
in the bar as originally twisted and to measure 
it again as it returns to the lesser angle of twist 
would be difficult and probably impossible in 
any direct manner. Fortunately, the energy 
of a twisted bar is proportional to the angle of 
twist. It can accordingly be shown that to a 
first approximation the damping capacity of a 
metal is twice the ratio of the angular amount 
by which the specimen bar fails to recover the 
original twist to the amount of that original 
twist. After the bar has completed one cycle 
of untwisting and retwisting it will perform a 
succession of similar cycles, each starting from 
a lesser angle of initial twist than the previous 
one. Each such successive cycle provides by 
itself an opportunity of determining the damping 
capacity of the metal. Alternatively, the loss 
of energy over a number of cycles may be deter- 
mined and the damping capacity for any one 
of these cycles may be calculated by means of a 
logarithmi¢ formula. It is believed that the 
damping capacity of a given material is a physical 
property of the material which is independent 
of the size or shape of the specimen employed to 
determine it. The practical engineer, perplexed 


by the multifarious qualities of his materials | 


which he is supposed to study, will at once ask 
two questions : What relationship does the damp- 
ing capacity bear to the general qualities of trust- 
worthiness which he desires his metals to possess ? 
Can the damping capacity be readily and certainly 
determined without expensive apparatus and 
tedious procedure? For the moment it is very 
much easier to answer the second question than 
the first. The physical significance of the damping 





capacity of @ metal is still the subject of investiga- 
tion and discussion; but it is not too much to 
say that some research workers place a high 
value on it as a general criterion of the quality 
of a given metal in a given state. The dubiety 
which exists on this subject at present is, however, 
sufficiently indicated by the fact that it is not as 
vet quite certain whether for some specified 
application it is desirable to aim at the employ- 
ment of a metal with a high or a low damping 
capacity. At first sight a high damping capacity 
implying a high loss of stored energy through 
internal causes would seem to imply internal 
imperfections. Against any such easy assumption, 
however, we have to place the recorded experi- 


| mental fact that of a number of ferrous materials 


tested by Dr. G. P. Contractor and Dr. F, C. 
Thompson, of Manchester University, Armco 
iron, a material held in high esteem for its general 
trustworthiness, possessed the highest damping 
capacity. 

As for the comparative ease with which the 
damping capacity of a metal can be determined, 
the account of their experiments which Drs. 
Contractor and Thompson recently laid before 
the Iron and Steel Institute, shows that while 
the apparatus required for its evaluation is not 
unduly expensive or complicated, many unusual 
precautions must be taken if wholly misleading 
results are to be avoided. Obviously, the specimen 
must be mounted in an apparatus which will 
twist it through a given initial angle and ther 
allow it to oscillate torsionally, the oscillations 
being recorded preferably with the aid of a beam 
of light and a camera. A prime requirement 
is that the equipment must be so mounted and 
arranged that it provides no means for the escape 
of energy from the specimen except through its 
own damping properties. Under this heading 
a clear necessity is that there should be no slip 
whatsoever between the specimen and its grips, 
and that there should be no opportunity for parts 
ot the equipment to move relatively to one another 
as a result of oscillation transmitted from the 
twisting and untwisting specimen. Even with 
an equipment made heavy by the addition of 
weights rigidly fixed to it, it was found that 
excessively high damping capacities were recorded 
if the equipment were simply allowed to rest on 
a table. To overcome this trouble it had to be 
suspended by a chain, induced oscillation of the 
equipment as a whole being rendered negligible 
by additional weights so placed as to increase 
its moment of inertia. It was found, too, that a 
decided influence on the results was exerted by 
any bending of the specimen, whether original 
or by reason of the manner in which it was mounted 
in the equipment, and by the sharpness or otherwise 
of the ‘‘ shouldering ” on the specimen. Altogether 
it would appear that the determination of the 
damping capacity of a metal by the torsional 
oscillation process is an experimental under- 
taking susceptible to a number of disturbing 
influences, some at least of which are capable of 
causing discrepancies of the same order of magni- 
tude as the quantity which it is desired to measure. 
‘And when all is said and done, and all precautions 
are taken, we are still left wondering about the 
interpretation and true meaning of the results. 
In spite of the assertion that the damping capacity 
of a metal is a physical characteristic of that 
metal, the investigation we have referred to would, 
if we have interpreted its results aright, appear 
to show that it is not a specific characteristic 
of it, such, for example, as are its moduli of 
elasticity. Its numerical value, even for one 
particular specimen, is not constant. Consistent 
results are not obtained until after at least three 
preliminary runs with the specimen have been 
made. Further, its value as deduced from the 
earlier portions of the oscillation decay curve 
is not the same as that deduced from the later 
portions, being in general higher—some times 


‘two or three times as high—at the start than 


at the end of the curve. It is evident, therefore, 
that much further laboratory and theoretical 
study is required before the true significance of 
the damping capacity of a metal can be laid 
before practical engineers as a quantity, a know- 
ledge of which would prove useful to them in 
their art. 
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Ait Force Targets in Germany 


No. 


XXI 


(Continued from page 307, May 9th) 


HAMBURG 


Y an earlier article, which appeared in our issue 
of December 6th, 1940, we dealt generally with 
the port of Hamburg and its shipbuilding industry, 
and described the damage done by aircraft of the 
Bomber Command of the Royal Air Force to 
industrial targets in the Hamburg area. Since the 


yi 


facture of pistons for aero-engines. Among houses 
lying near to important industrial objectives there 
has inevitably been widespread destruction. 


THE BLOHM AND Voss SHIPYARD 


One of the targets which has suffered damage on 
more than one occasion is the establishment owned. 
by Blohm and Voss, of Hamburg, which ranks 
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PLAN OF BLOHM AND VOSS WORKS AT HAMBURG 


beginning of the present year a newer and larger 
type of bomb has been used in many attacks on 
Germany’s transport and war industry, and reports 
are now available showing the widespread damage 
resulting from its use. 

In Hamburg, says a report published by the Air 
Ministry at the inning of this month, one of 
these bombs fell in the Steinwerder industrial area, 
in which are situated important shipyards, engine 
works, warehouses, factories, and other industrial 
concerns. Photographs taken by reconnaissance 
aircraft show that in this particular area of 
Hamburg industrial buildings covering a space of 
20,000 square yards were completely demolished. 
Over a space of 75,000 square yards there was 
severe damage from blast, and at two points more 
than 1100 yards apart, the effect of blast was very 
obvious. Reports from within Germany describe 
Hamburg as a “ tragic picture,” and it is stated on 
good authority that there is scarcely any district 
in this great city, the second largest in Germany, 
which has not suffered. 

While it has not been possible to get anything 
like a complete picture of all the damage done to 
Hamburg by the enormous weight of high-explosive 
bombs and incendiary bombs dropped by our raid- 
ing aircraft since May this year, photographic 
reconnaissance shows that already thirty-six large 
industrial buildings have been completely demol- 
ished or very seriously damaged, while many others 
have been damaged less seriously. In one of the 
principal works producing copper, the Zinnwerke 
at Wilhelmsburg, a large building of three to four 
bays has beencompletely destroyed, and others have 
suffered severely from the effects of fire. Further 
damage, it is shown, has been caused in shipyards 
and engine works, and to oil refineries, oil storage 
tanks, and gas and electricity undertakings. In 
addition to such damage a barracks building has 


among the largest private shipyards and engine 
works in Germany. In recent years the firm has 
also embarked on the construction of seaplanes 
and aircraft. The accompanying plan shows the 
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eight floating docks are available, along with a new 
graving dock, large enough to take the battleship 
** Bismarck,” which was recently sunk by the 
Royal Navy in the Atlantic. A sister ship to the 
** Bismarck,” which is reputed to be of even larger 
tonnage, is under construction in the yard. The 
older part of the yard dates back to 1877, when it 
was founded by Hermann Blohm and Ernst Voss. 
The first berths were those on the Elbe bank, with 
the accompanying workshops and engine works. 
Later, the other covered berths were built, with 
further boiler shops, machine shops, and joiners’ 
shops, and excellent crane services were installed. 
The yard is one of the most important naval 
yards in North Germany, and many battleships, 
cruisers, destroyers, and submarines have been 
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built there. We recall the “Von der Tann,”’ 
“Moltke,” ““Goeben,” “Seydlitz,’ and “‘ Der- 
flinger,” all of which took part in the naval engage- 
ments of the last war, and some of which ships 


! 
/ (~ ibek 
2, j ae 
~ § 


INS 





XS ° 
MY . 
QW on, 
\ “a 
/ N NN ° 
/ Bie Bergedorf 
/ 
/ 
/ 
/ 
U 
e 
Harburg -Witheimsbura SWAIN Sc 


ELECTRICITY SUPPLY NETWORK OF HAMBURG 


been gutted, and a large merchant ship hit, while | general lay-out of these important works, which 


many barges have been beached and others are 
waterlogged. There was a bad fire in the main 
building of a special factory devoted to the manu- 





apart from new construction of warships and 
merchant vessels of all kinds, carries on an exten- 





sive business in ship repairs, for which more than 





were sunk at Scapa Flow. 


Blohm and Voss have 


also taken a leading part in cargo ship and liner 
construction, and notable ships of the Atlaniic 
liner class were the “ Vaterland ”’ and the “ Bis- 
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marck,’’ which were constructed to the order of 
the Hamburg-Amerika Line, and after 1918 passed 
into British and American ownership, and were 
renamed the “ Majestic ” and the “ Leviathan.” 
With the coming of the motor ship, the company 





TIEFSTACK POWER STATION 


took a leading part in the development of the oil 
engine, in collaboration with the M.A.N. Company. 
The “ Fritz ” was the first ship to be engined with 
double-acting two-stroke engines of this type. 

Geared turbine propelling machinery was also pro- 
duced under Parsons and A.E.G. patents, and out- 
standing turbine ships of this type were the North 
German Lloyd liner “‘ Europa ” and the four liners 
of the “ Hamburg ”’ class for the Atlantic service 
of the Hamburg-Amerika Line. In recent years 
the firm has developed new types of high-pressure 
boilers for marine service under Benson and 
La Mont patents, and vessels completed in recent 
years for the German East Africa Lines, the 
‘* Pretoris ” and the “‘ Windhuk,”’ afford examples 
of ships fitted with high-pressure Benson boilers. 
The electrically propelled liner “‘ Potsdam,” built 
in collaboration with Sietnens-Schuckert for the 
Far East service of the German lines, is another 
outstanding Blohm and Voss ship. 

In order to facilitate the construction and dry- 
docking of the largest battleships, a few years ago 
the firm proceeded to construct a large new graving 
dock at a point to the east of the main yard, with 
an entrance from the River Elbe at a point not far 
distant from the Elbe tunnel. That dock has been 
attacked by our aircraft on more than one occasion 
and was damaged in the large raid of November 
24th last year. 

In 1933 Blohm and Voss founded an aircraft 
section of the shipyard, and in 1937 two seaplanes 
of the “‘ Nordwind ” type were delivered to the 
Deutsche Luft Hansa, while in the summer of that 
year successful experimental flights were made 
between Horta in the Azores and New York. 
Since that time new types of seaplanes and land 


machines have been developed by the firm, all of | supply network. The accompanying plan shows 
which incorporate a new form of wing construction, | clearly the importance of this target, with its 
In this} central supply stations of Tiefstack and Neuhof, 





patented by Dr.-Ing. Richard Vogt. 


particular wing design the supporting member of 
the wing is formed by one large tubular spar of 
bent sheet metal in varying thickness, which carries 
the bending and the torsion stresses, and also 
enables the wing to be employed for the stowage of 


fuel. Enough has been said to indicate the import- 

ance of this particular yard in Germany’s war effort. 
HamsBure’s ELEcTRICITY SUPPLY 

Other targets in recent air attacks have included 

the large power stations in the Hamburg electricity 





both of which are situated in dock and industria] 
areas. Not less vulnerable are the smaller power, 
converter, and switching stations which_ are 
scattered around the areas of Hamburg and Altona, 
and have high-tension transmission lines connect- 
ing the supply area with the large power station 
near Liibeck and with the surrounding districts. 
In the inner part of Hamburg is the Poststrassc 
power station, which was founded in 1888, and was 
one of the first electric power stations in Ger- 
many. Beginning with vertical marine engines, 
driving dynamos having a total output of 700 kW, 
the station grew to 2400 kW, 400-kW sets for 
lighting services being installed about 1894. The 
next power station to be built was the Carolinen- 


strasse station, which was started with sets of 


800-kW output, and soon reached 5600 kW. That 
station was followed in 1899 by one at Barmbeck, 


near the Osterbeck Canal, with an output of 


5900 kW. In 1901 a further station was con- 
structed at Bille, which had an output of about 
8500 kW. In 1913 the total output of these four 
power stations had risen to 28,000 kW, and at 
that time there had also been built eleven smaller 
works and switching stations. 

In 1914 the capital of the Hamburg Electricity 
Works was doubled, and in that year the construc- 
tion of the Tiefstack power station was begun, 
but, owing to lack of material during the last 
war, it was not completed until 1916, when two 
sets of 10,000-kW turbo-alternators were brought 


into service. Between 1919 and 1925 the area of 


supply of the Hamburg company was greatly 
extended, and other power stations were absorbed 
into the supply network. Gradually the supply 
was altered from direct current to alternating 
current, the first alternator having been installed 
in the Bille station in 1901. By 1925 the output 
of the Tiefstack power station had reached 
90,000 kW. The accompanying aerial view shows 
a view of the power station, with its four chimneys. 
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SOUTH EAST VIEW OF NEUHOF POWER STATION 





About the same time a new station was planned, 


which was laid down at Neuhof in Wilhelmsburg. 


The view of the first part of the station shows one 
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boiler-house with two chimneys, but provision has 
been made to double the boiler-house capacity and 
add two further smoke stacks. This station was 
started up in 1926, when in the May of that year 
the largest oil engine driven alternator set built 
up to that time was put to work. A view of 
the engine and alternator is reproduced. It was 
imade by Blohm and Voss to M.A.N. designs, and 
comprises a nine-cylinder engine having a bore of 
360 mm., with a stroke of 1500 mm., running at 
‘4 r.p.m. Its designed output was 15,000 B.H.P., 
and, as shown in the engraving, it is coupled direct 
io a Siemens-Schuckert alternator. The outside 
view of the power station shows the oil fuel tanks 
for this engine. It was originally intended for an 
emergency set to deal with peak load conditions, 
but the running was so economical that for some 
time it took a part of the ordinary load. 

The oil engine driven set was followed in August, 
1927, by two steam turbine driven alternator sets, 
and the capacity of the station was thereby 
increased to 34,000 kW. In 1929 two further 
turbine sets were installed, bringing up the capa- 
city of the station to 130,500 kW. The final 
capacity provided for in the fully completed 
station is 300,000 kW, 

District HEATING IN HAMBURG 

Closely associated with the Hamburg electricity 
undertaking is the system of district heating, which 
was fully described in a paper read by Dip.-Ing. 
A. Margolis before the special autumn meeting 
of the Institution of Heating and Ventilating 
Engineers, which was held in London in 1935. 
With the growth of the large power stations at 
Tiefstack and Neuhof, it was found possible to 
dispense with the older steam plant at the Post- 
strasse, Carolinenstrasse, and Bille power stations, 
and to utilise the boiler plant for a system of district 
heating, carried out in collaboration with the Ham- 
burg firm of Rud Otto Meyer. From small 
beginnings in 1921 the scheme was developed, and 
now includes boiler plant with a heating output in 
excess of the steam requirements for the generation 
of electric energy. To assist in the supply of steam 
for heating, a steam pipe line from the Bille power 
station to the Tiefstack power station was put into 
service in 1934. It transmits 250 tons of steam per 
hour at a temperature of 660 deg. Fah., and enables 
steam for the town heat supply to be delivered 
over a distance of about 6 miles. For heating 
services a special back-pressure turbine was 
installed in the Bille station in 1931, and it is 
driven from the 200 lb. pressure steam delivered 
through the pipe line from Tiefstack. A 10,000-kW 
back-pressure turbine was installed in the Tief- 
stack power station, and in recent years only that 
station and the Carolinenstrasse power station 
have been used for the supply of heating steam, 
the other stations being employed for distribution 
purposes only. In addition to the steam supply, a 
large number of buildings are connected to a special 
hot water distributing line, which works in con- 
junction with a hot water accumulator. 

There is no doubt that damage done in Ham- 
burg has interfered with this extensive system of 
district heating, which is one of the largest in 
Europe. 








Letters to the Editor 

(We do not hold ourselves responsible for the opinions of our 

correspondents.) 

SALARY OF ENGINEERS IN GOVERNMENT 

SERVICE 

Sir, —-The letter in your publication dated May 30th 
is based on instances which apply to the building side 
of Government engineering. The salaries on the 
electrical and mechanical side are invariably on a 
lower scale, with less favourable conditions of employ- 
ment than those of the building side. 

A comparative appointment to a clerk of works, on 
the electrical and mechanical staff of the War Depart- 
ment is normally salaried at £220 per annum with a 
yearly increase of £10 to a maximum of £315, to 
which has now to be added the general bonus granted 
to the Civil Service. This is a temporary appoint- 
ment and carries no continuance of service or pension 
rights. The salary of the clerk of works is £40 per 
annum higher and also carries establishment privi- 
leges. The salary range for E. and M. staff is applied 
quite irrespective of the probable duration of the 
engagement. 

Against the £8 per week, quoted in the letter referred 
to, offered to clerks of work there has been offered to 
newcomers, during the last twelve months, for the 
E. and M. appointment a weekly flat rate of £5 15s. 


reasonably be anticipated to last for the duration of 
the war. 

The clerk of works and his E. and M. counterpart, 
when military appointments, carry equal emoluments 
and conditions of service. 

Appointments on the lowest figure of the salary 
range have called for the preparation of schemes, 
estimates and specifications for all classes of E. and M. 
services. The individual employed thus may be 
called upon on transfer to supervise and be responsible 
for minor new E. and M. services and all running and 
maintenance of plant in a district very often over 
100 square miles in extent. 

The question may reasonably be asked : ‘‘ What is 
the difference between a temporary and purely 
temporary engagement, and why two different 
salaries should be in existence for them ? ” 

Applied to typical instances an individual engaged 
on a temporary basis for three years receives an 
average salary of £230 per annum or £4 8s. 6d. per 
week. Another individual engaged on a purely 
temporary basis for the same period, which is a 
reasonable expectation, receives £5-15s. per week, 
yet the former enjoys no more privileges or rights than 
the latter. 

It is consistent with official reasoning that an 
individual on the temporary rating should be called 
on to correct the errors of those on the purely tempo- 
rary basis who are invariably without experience of 
departmental routine. Ww. B. 

Salisbury, June 7th. 

Str,—I was very interested to read Mr. D. A. 
Russell’s letter in your issue of May 30th in regard 
to the salary of engineers in Government service. 
There is no doubt that the paucity of remuneration 
paid to engineers and others in Government service 
prevents the best men from going on to Government 
work, and is hampering the quality and tempo of our 
war effort. 

I am being asked continually to release engineers 
and other technicians for Government service, and 
have, in fact, supplied a number of well-trained men. 
Most of these, however, have had to be classified as 
assistants or chief superintendents of ordnance 
factories or given some other title which hasno relation 
to their real job, in order that they can be paid a rate 
of remuneration which would not entail too great a 
sacrifice compared with the job that they have left. 
I am now being pressed to try and find other men, 
but those that are left, while admirably suited in 
every way for the work required, are at present getting 
an equivalent to £1000 a year, whereas the highest 
salary offered for responsible Government work is not 
much more than half this figure. 

I am told that the rate of pay for a superintendent 
of a big armament works employing 25,000 people is 
£1050 a year. If this war were being run on a “ share 
and share alike” basis this remuneration would be 
princely, but as the war is being run on a capitalistic 
basis with Government Departments competing with 
private industry, the whole system of remuneration 
for engineers and technicians is farcical. Not until 
this is remedied will engineers and technicians under- 

take to go into Government service, and we shall 
therefore have to continue to face up to factories 
being twelve months behind schedule date of comple- 
tion, extravagant costs as reported by the Select 
Committee of National Expenditure, and waste of 
man power and a frustration of the war effort. 

What one really wants, of course, is a directorate 
of engineering which would look after the engineering 
side of the war, particularly the design, planning, and 
construction of new factories. As it is, these jobs 
appear to be run separately by the different depart- 
ments with no true co-ordination, and no real 
gingering-up policy behind them. 

The one thing that puzzles engineers is why, if 
this is an engineers’ war, the engineers are not at the 
top directing things instead of being relegated to the 
‘back room.” W. N. HAtwetr. 

Birmingham, 29, June 4th. 


LUBRICANTS PROBLEM OF THE AXIS 


Str,—I am as confident of our final victory in these 
hostilities as our Prime Minister himself, but there is 
no point in putting our minds in blinkers, for there 
has been too much wishful thinking in this country 
already regarding the war. 

May I, as the head of a laboratory which has been 
engaged in the synthesis of lubricating oils (and many 
other hydrocarbon products for that matter) for a 
number of years now, make reference to the leading 
article which appeared in your issue of the 30th ult.? 

The discovery of the method, to tvhich you refer, 
of producing synthetic lubricating oils from aromatic 
hydrocarbons and chlorinated paraffins by the use 
of metallic aluminium as a catalyst, was made in 





These appointments are purely temporary, but can 





this department, and I and my colleagues here would 


be the first to admit that there are men in Germany 
who are certainly not behind the foremost petroleum 
scientists of this country in profound knowledge and 
ability. 

I would certainly not describe the production of 
synthetic lubricating oils in the manner referred to 
above as being prohibitive in cost, but rather 
uneconomical so far as this country is concerned at 
the present time. Such synthesis will remain 
uneconomical here so long as we continue to import 
our oil supplies freely and at or about their present 
price. The wisdom of the findings in the Falmouth 
Report, confirmed to a large extent by Labour’s 
“Plan for Oil from Coal,’ has been proved in this 
respect. (The Falmouth Report advocated the 
importation of oil by tank steamers in preference to 
the building of large oil from coal plants in this 
country, as it was considered the latter would be 
more vulnerable to enemy air attack.) 

Whether such a method of producing synthetic 
lubricating oils can be considered uneconomical in 
Germany at the present time is a doubtful question. 
It certainly would not be uneconomical in this 
country were our positions reversed. 

One further point before I leave this subject. 
Although the pour-points of some synthetically pro- 
duced lubricating oils are high, these can easily be 
reduced by means of de-waxing and the use of pour- 
point depressants. 

May I also suggest that your remarks that 
Rumanian and Iraq crude oils are not suitable for the 
production of good lubricating oils are incorrect ? 

Whilst lubricants are not produced from some crude 
oils for economic reasons, it does not follow that such 
crudes do not contain lubricant fractions at all. 
Lubricating oils of various grades are already being 
produced from Rumanian crudes and satisfactory 
lubricating oils may be obtained from these latter and 
Iraq crudes by suitable solvent extraction processes. 

By modern refining treatment, such as solvent 
extraction or hydrogenation, all lubricating oils may 
now be upgraded into good-class stock. 

The best way to deprive Germany of lubricating 
oils and other hydrocarbon products, apart from the 
blockade, is to bomb the refineries she owns or controls 
and the oil from coal plants she possesses. Com- 
paring the qualities of different crudes on statistical 
evidence alone only misleads and certainly does not 
affect Germany’s position either way, as I have 
endeavoured to show. 

In conclusion, may I also point out that the dopes 
to which you refer are for use mainly as anti-oxidants 
and not to inhibit the corrosive action of sulphur 
compounds as you suggest ? It is an interesting fact 
that certain sulphur compounds such as mercaptans 
and disulphides, which are indigenous to some oils, 
have even proved to be good anti-oxidants when 
added to lubricating oils for this purpose. 

ALFRED W. Nasu, 
Professor of Petroleum Science. 
University of Birmingham, June 5th. 








Ventilation of Furnace Anti-Glare 


Schemes 


Tue British Cast Iron Research Association asks 
us to publish the following note :— 

A number of foundries have provided anti-glare 
screening for furnaces, chiefly cupolas. This screening 
usually involves the top of the furnace and in many 
cases the charging hole’ and base also. Men are 
required to work at the charging hole and base, and 
in cases where space is restricted lack of ventilation 
may have an adverse effect on working conditions 
during the coming warmer weather. Action should be 
taken well before the summer months, as otherwise 
output may be seriously reduced by unsatisfactory 
working conditions or by inadequate modifications 
to the screening, improvised at the last moment. 
Foundries which do not operate into the black-out 
during the summer months may find it possible to 
remove and store part of the sheeting, replacing it 
when required next autumn. In cases where cupolas 
are operated during the hours of darkness in the hot 
weather, some modification to the screening may be 
required, such as the provision of sliding or hinged 
shutters which can be opened during daylight, or 
the provision of louvres to improve ventilation during 
black-out hours. In certain cases it may be found 
necessary to install fans to ensure an adequate supply 
of cool air. Where such measures are required a 
supplementary scheme should be drawn up and sub- 
mitted to the Association’s Anti-Glare Advisory 
Committee as soon as possible. The Treasury grant 
of 50 per cent. payable on anti-glare schemes will also 
be available towards the cost of approved schemes for 
ventilation. Any firms in doubt as to the adequacy 
of their ventilation after screening should com- 
municate with the Association, and a visit from an 
anti-glare officer of the Ministry of Home Security 








will then be arranged. 
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The Damping Capacity of Steel 


and its Measurement* 


By G. P. CONTRACTOR, M.Sc., Ph.D., and 
F, C. THOMPSON, D.Met., M.Sc. 


INTRODUCTION 


In recent years a considerable amount of work has 
been published on the subject of “ internal friction ” 
or “ mechanical hysteresis,” to which, in many current 
publications, the term “damping capacity” is 
applied. In 1911 Robin published an account of 
work on the influence of temperature upon the 
acoustical properties of steel. By determining the 
time for which the sound produced by striking a bar 
of the material a standard blow could be heard, 
curves were obtained which showed marked abnor- 
malities. At a temperature of 120 deg. Cent., in 
particular, soft iron refused to ring, a state of affairs 
which Robin termed “ aphonia.” 

Since the decay of the sound would ‘appear to be 
closely analogous to the damping of a mechanical 
vibration, it appeared reasonable to suppose that 
measurements of “‘ damping capacity ” as a function 
of temperature might well be employed to investigate 
the “‘ low-temperature abnormalities ” of steel. The 
present work was therefore undertaken to examine 
the influence of moderate temperatures on the damp- 

























torsion—appears to have been first introduced by 
Féppl in 1923, who defined it as “the amount of 
work dissipated as heat by a unit volume of a material 
during a complete reversed cycle of unit stress,” 
and expressed it as the “ specific damping capacity,” 
P per cent. Different investigators have, however, 
given various names to this property. Kimball, for 
instance, calls it “internal friction’? and measures 
it in terms of the.logarithmic decrement which can be 
shown to be P/2. Other terms employed are “ crack- 
less plasticity’ and “ mechanical hysteresis loss.” 
In the present paper the term “specific damping 
capacity,” denoted by P, is used. 

When a material is subjected to a cycle of stress 
below the “ elastic limits,” it is now generally appre- 
ciated that a hysteresis loop is obtained. The damping 
of the material may also be defined as the energy 
dissipated per unit volume, per cycle, i.e., by the area 
of this loop. If the material were perfectly elastic 
between the limits of stress employed, there would 
scape be no loop and the damping capacity would 

zero. 


METHODS oF EXPRESSING DAMPING CAPACITY 


Of the various methods of measuring the damping 
capacity so far employed, a summary of which has 
been given by Féppl, the one used in the present work 
was the determination of the logarithmic decrement, 
i.e., the natural logarithm of the ratio of any two 





































cycle to the maximum energy of that cycle, i.e., the 
“ specific damping capacity "’ is twice the logarithmic 
decrement. This relationship is only correct to a first 
approximation, due in part to the fact that recent 
researches have shown that the amplitude does not 
always decay exponentially with time. 


APPARATUS 


Of the methods available for the measurement of 
of damping capacity, the free vibration method 
appeared to be especially suited to the present investi- 
gation. The rapidity with which the test is carried out 
renders it particularly valuable in the case of materials 
the properties of which change during test—provided, 
of course, that the change is not also rapid and due to 
the test itself. Exact temperature control of the 
specimen is possible over a wide range, whilst means 
are available for the variation and accurate adjust- 
ment of the amount of stress to which the specimen 
is initially subjected. The apparatus employed was 
constructed on the general lines of the Féppl-Pertz 
machine. Briefly, it consists of a rectangular steel 
frame A (Fig. 1) very rigidly bolted together at the 
angles. The specimen is firmly clamped to this at 
its lower end by the grip G2, its upper end being 
clamped equally rigidly to the swing bar B (23in. by 
lin. by 2in.) by the grip Gl. By means of the electro- 
magnets M1 and M2, which hold the ends of the swing 
bar against the rotatable feet F F, a predetermined 
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FiGs. 1, 2 AND 3—The Apparatus ; 


ing capacity of some typical steels of different heat 
treatments and chemieal composition. 

It has been shown, however, that damping capa- 
city is a property of a super-sensitive nature, and 
unless the test pieces are produced from materials 
almost ideally identical with regard to the previous 
history and source of supply, the results may vary 
greatly, even when the ordinary composition is much 
the same. It is evident that the results are of real 
significance if, and only if, the energy losses in the 
apparatus can be reduced to a point where they are 
small in comparison with those in the specimen itself. 
With the machine as finally devised, a series of 
observations on two specimens of identical material 
machined under carefully standardised conditions 
have given results which vary by only 1-3 per cent. 
It would appear therefore that the basic features of 
the apparatus employed for this work are sound, and 
there is evidence to suggest that the results obtained 
do bear some close relationship to the real damping 
capacity of the material. It may be pointed out, 
however, that there is one source of error which has 
not been eliminated, namely, that due to the air 
resistance of the vibrating parts. We have no means 
of estimating the magnitude of this, though it cannot 
introduce an error into the results which exceeds at 
the very most 0-4 per cent., the lowest value of damp- 
ing capacity which has been observed. 

When a body is set in free vibration, and even after 
all external forces, e.g., the resistance of the air, the 
frictional resistance of bearings, &c., have been elimi- 
nated, there is still a continuous decrease of amplitude 
with time, the system ultimately reaching a state of 
rest. Briefly, ‘‘ damping capacity ” is that property 
of the material which causes these vibrations to dis- 
appear. Although the general idea is far from new, 
the term “ damping”—as applied to metals in 
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successive amplitudes of a vibration the amplitude 
of which decreases exponentially. Thus, for any 
amplitude y the logarithmic decrement is 


s—log{¥**¥) rit 


where A y represents the decrease of y per cycle. 


(1) 





But 
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or, neglecting the terms of the second and higher 
orders 

Ay 
= 2 

7 (2) 

The “specific damping capacity,” on the other 
hand, is the ratio of the loss of energy per cycle to 
the maximum energy of that cycle. Once 6 is known, 
the amount of energy dissipated per cycle, Aw, 
can be calculated as follows :—Since the energy 
required to twist the bar is proportional to the square 
of the amplitude, the total amount of vibrational 
energy w at some time T is ky*. The total vibra- 
tional energy one cycle later is 
i w—Aw=k(y—Ay) (3) 


where A w is the amount of energy dissipated and 
A y is the decrease of amplitude. Subtracting, 


Aw=2kyAy ... 
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(4) 
whence 
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ky (5) 
In other words, the ratio of the loss of energy per 











Dimensions of the Test-Pieces 


strain can, within limits, be applied to the specimen 
prior to test. On breaking the magnetising current 
the swing bar and specimen at once pass into smooth 
oscillation. 

Attached to the swing bar in the earlier tests was 
a stylus T, which recorded the diminishing vibrations 
on smoked or waxed paper attached to the clockwork 
driven drum D. The speed of this being known, the 
amplitude, frequency and rate of decay of the oscilla- 
tions can at once be determined from the record. 

Apart from an optical recording system to be men- 
tioned later, probably the most important modifica- 
tion of Féppl’s apparatus was in connection with the 
pivot supporting the swing bar and the upper end of 
the specimen, for which a self-aligning journal was 
substituted. It was thus hoped, on the one hand, to 
reduce the bearing friction to a minimum and, on 
the other hand, to make allowance for any slight 
excentricity of the specimen. 

Specimens which are not quite straight tend to give 
unduly high damping values. By the introduction 
of this self-aligning journal errors due to slight 
bending in the specimen are to a large extent elimi- 
nated, the swing bar taking up a position such that 
the axis of the specimen still passes through the 
central line of the journal. 

Another and very serious source of error was 
occasioned by the recording system. The stylus 
swinging across the revolving strip of paper intro- 
duced such a large frictional loss that this method of 
registration had to be discarded, an optical recording 
system being substituted. This was effected by 
attaching a small mirror to the swing bar, a beam of 
light reflected from which recorded the vibrational 
oscillations of the bar on a photographic film. The 
whole arrangement is shown in Fig. 2. Briefly, the 
film is moved by a small pulley P1 (in the camera C), 
which is driven by the motor O through a bigger 
pulley P2. A beam of light is thrown on to the 
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mirror M, is reflected, and then falls on the sensitive 
film through a small slit in the camera. The shutter is 
operated by the knob V. The exposed film runs down 
into a light-tight box placed under the adjustable 
platform and can be cut at any desired length by 
the knife K. 

In experiments at temperatures above the normal 
an electric furnace was placed around the specimen, 
great care being taken that there should be no contact 
between the furnace and the test piece. Furnace 
openings were closed by thin sheets of asbestos in 
such a way as to introduce no frictional losses, 

Fig. 3, A and B, shows the shapes and dimensions 
of the test’ pieces employed, the latter, short form, 
being employed in all high-temperature tests. 

The static calibration of the specimen was carried 
out on the same apparatus. The angle of twist 
produced by a given torque was measured by a 
reflected beam of light falling on a scale attached to 
the camera. The principle is the same as that under- 
lying the torsion-strain meter. Knowing the distance 
d between the camera and the mirror, the gauge 
length J, radius r and modulus of rigidity C of the 
specimen, the maximum fibre stress q can be calcu- 
lated from the equation 


where @ 1s the angle of twist in radians, 7.e., half the 
deflection of the beam of light. 

In order to eliminate the loss of energy to the 
supports the whole apparatus was suspended by a 
thin chain, the upper end of which was attached to a 
ball-bearing system fixed to a rigid steel framework 
standing on the wooden floor. 


Factors INFLUENCING DAMPING 


Betore commencing actual measurements of the 
damping properties of stecl it appeared necessary to 
investigate at some length the factors which might 
affect such determinations. Among some of the 
more obvious of these were the initial stress to which 
the specimen was subjected before test, the method 
of recording the vibrations, the suspension of the 
apparatus, losses in the machine itself, the effect of 
the grips, distortion of the specimen, the machining 
and shape of the specimen, and overstrain. Each of 
these has been considered in some detail. 

Initial Stress.—As is shown in Fig. 4, the initial 
stress (J.S.) to which the specimen is sybjected may 


















































2-4 
be gia) | ‘b) 
& 20 “ain sr os 
Tom . T ait 
& A tt" 
8 16 os Se <A 
& P Pea —<ae 
om 2 ee Se | 
28° .8ae 
‘ge 
fe a lq "736 Lb per sg mm. 
S Yr” ( 18256 , . 4 
¥ fg ©) Mere. 6 e = | 
* 0-6 () 5600+ - - - | 
& Q 00 4000 6000 800 1000 000 14000 16000 000 








Max. Torsional Fibre Stress) Lo per sqn 
Tre Ewoinece Swarr 4 


Fic. 4—0.4 per cent. Carbon Steel, Cold-Rolled, Optically 
Recorded. “ Short”? Specimen (B) 


very greatly affect the value of the damping capacity, 
this, for a given torsional fibre stress, being higher 
for a low initial stress than for a higher one. For 
an initial stress of 11,736 lb. per square inch, for 
example, the damping capacity at a stress of 8000 Ib. 
per square inch is no less than 63 per cent. higher 
than that at the same fibre stress for an initial stress 
of 32,600 Ib. per square inch. It is also evident that 
for high initial stresses the damping capacity tends 
to attain a constant value. There is some indication 
that at low stresses the damping also approaches a 
uniform value irrespective of the initial stress. These 
results were obtained on the short specimens (Fig. 3, 
type B). Tests, on the other hand, carried out on the 
same material, but using the specimen with a longer 
gauge length (Fig. 3, type A), gave the same damping 
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capacities even under different values of initial stress. 
This is shown in Fig. 5. 

It was observed at an early stage of the work that 
the damping values obtained for the first test of the 
Specimen were in general slightly higher than those 
for the second, and that after a few preliminary runs 
the curves became very nearly identical. On this 
account the results recorded here were, unless other- 
wise stated, those for the fourth “run” of the 


observed in alli cases, in many instances the curves 
for all the four “ runs ” being identical. 

Method of Recording.—Any kind of mechanical 
recording method was found to involve astonishingly 
high energy losses due to the friction between the 
stylus and the recording medium, 1.e., unduly high 
values of P. Curves were obtained from records made 
mechanically on smoked paper, waxed paper, and 
celluloid, and were compared with the curve obtained 
optically, in which such frictional loss is necessarily 
absent. The specific damping capacity at low stresses 
is raised, in the case of the record taken on smoked 
paper, to about five times the value obtained optically. 
At a stress of about 5000 lb. per square inch, for 
instance, the smoked paper value of P is around 
4-7, as compared with about 0-9 from the optical 
record. Almost all of the results so far published 
show unduly high values for the damping capacities, 
due to the fact that mechanical means of recording 
were employed. 

Suspension.—The reason for suspending the whole 
unit is to prevent energy being transmitted to the 
support. If an optical recording system is employed, 
it is necessary that the whole apparatus should be as 
motionless as possible, since otherwise its movements 
are superimposed on the torsional vibrations of the 
swing bar. Tests with the apparatus placed: on a 
wooden table gave exceedingly high damping values. 
Even the general shape of the curve is different from 
that of the curve taken when the apparatus was 
suspended, the damping rising rapidly as the tor- 
sional stress decreases, instead of falling as is normally 
the case. - Thus the specific damping capacity at 
5000 Ib. per square inch is some ten times as great 
when the apparatus is placed on a table as it is when 
suspended, the corresponding figure rising to nearly 
forty times at a stress of 2700 lb. per square inch. 
It is clear that if the apparatus is to be fastened down 
on its bed, a procedure sometimes adopted, this 
must be done very rigidly if no losses due to friction 
are to arise. 

Instrument Losses.—Regarding the energy losses 
in the apparatus, no method is at present avail- 
able by which these could be quantitatively 
determined, though clearly such losses in the frame 
can be reduced by making the latter very heavy and 
rigid. In the circumstances, all that appeared to be 
possible was to determine the probable magnitude 
of the error due to this cause by empirical means. 
Damping capacities were therefore determined in 
one case after removing the heavy balancing weights 
W, and W, (Fig. 1) from the frame and alternatively 
by putting on extra weights over and above these. 
The difference between the values of P obtained 
without the balance weights, and those with both 
these and an extra 40 lb. to 60 1lb., was found to be 
quite small, whence the conclusion is drawn that errors 
due to losses in the frame are at any rate not high. 

Grips.—It was found that loose clamping of the 
specimen was highly detrimental. Any slipping, 
however slight, between the specimen and the grips 
results in a loss of energy and a rise in the apparent 
damping value. This is especially the case for low 
values of stress. 

Bending of Specimen.—Unless great care was taken 
during machining, it was not always easy, especially 
in the case of the long ones, to obtain specimens 
which were absolutely free from slight bending. To 
determine the effect of such bending on the results, 
thin metal packing pieces, 0-007in., 0-0l4in., and 
0-02lin. thick, were inserted between the specimen 
and grips. The results with the authors’ machine 
were unaffected, even with the thickest packing 
pieces, due presumably to the design of the self- 
aligning journal system. 

Although it has been found that wiv the authors’ 
apparatus slight degrees of bending are without 
sensible influence on the results obtained, deliberately 
bent test pieces with a much greater deformation do 
lead to high results. It follows that care must still 
be taken in producing the specimens, but that the 
slight distortions due, for instance, to the relief of 
slight internal stresses during machining, do give 
standard results with the form of construction which 
have been employed. 

Shape of the Specimen.—According to Féppl and 
Von Heydekampf, the damping capacity of a given 
material is a physical property of the material, 
which is independent of the size or shape of specimen. 
To examine this point, tests were carried out on the 
0-4 per cent. carbon steel, using specimens of both 
types A and B, Fig. 3. Apart from the shape of the 
specimen, the experimental conditions were main- 
tained as constant as possible in each set of tests, 
and the results fit well on a single curve. 

To determine whether improper “ shouldering ” 
of the specimen has any effect on the value of the 
damping capacity, a specimen was prepared with 
sharp shoulders. The square shoulders appeared 
slightly to decrease the damping at higher stresses, 
though the results at and below a stress of 6000 lb. 
per square inch were the same. Uniform shouldering 
of all specimens is therefore important. 
Frequency.—Experiments were carried out on 
specimens of the normal gauge lengths, but of 0-4in. 
and 0-303in. diameter respectively. This brought 
about a change in the frequency of vibration, but 
there was no appreciable difference in the damping 
values within the range of frequencies investigated, 





specimen, This discrepancy was not, however, 





Overstraining.—A few tests to study the effect of 


overstraining were made. One specimen was tested 
with an initial stress of 11 tons per square inch, #.e., 
below the limit of proportionality. A second speci- 
men was overstrained by an initial stress of about 
18 tons per square inch and at once tested. After 
the tests on this overstrained material, the specimen 
was again tested at a normal stress of 11-0 tons por 
square inch. It was found that the damping capacity 
is distinctly higher for the plastically deformed 
steel, and that the subsequent subjection of the over- 
strained material to a series of vibrations of medium 
intensity reduces the damping capacity again, this 
ultimately returning to its original value, at any rate 
so-far as the lower range of stress is concerned. 








Mechanical Properties of Materials 


and Failure in Service* 
By L. W. SCHUSTER, M.A., M.I. Mech. E., M.I.E.E. 


TuHIs paper applies mainly to parts under dynamic 
loading. It must be pointed out that the title is 
somewhat anomalous, for none of the properties 
determined in the most commonly adopted mechanical 
tests is an important factor in causing a normal 
failure of service, and it is only in special circum- 
stances, such as when there is a jam or a seizure, 
faulty lubrication, or severe shock, that any direct 
relationship exists. The usual failure is due to 
faulty design or workmanship, carelessness in opera- 
tion, or such causes as torsional or other form of 
vibration. The title, however, affords a convenient 
heading for the subject matter to be discussed. 

Methods of testing, such as are called for in pur- 
chasing specifications, may be excellent in so far as 
they act as a check on the quality of the material 
and reveal its defects, and enable the purchaser to 
determine that it is up to the recognised standard ; 
such tests are, however, very deficient as a means 
of giving information that is really useful in judging 
the relative suitability of different materials for 
service. 

Tensile Strength—It was not so long ago that, 
when I was advocating that a certain test should 
be stipulated for testing some important welded 
joints, the purchaser replied that he could not under- 
stand the function of the particular test, whereas 
he did desire a tensile test, which was a test that he 
could understand. He added that it served the 
purpose of showing the load the material would 
withstand before it could be pulled asunder. Unfor- 
tunately, however, a part in service is not pulled 
out until it fractures, as it is in a tensile test. Though 
a consequential failure may take place in this manner, 
it is well known that a fracture in service, even in a 
pressure vessel, results from a creeping crack or a 
sudden rip from an initial crack, in either case without 
measurable distortion. The value of the tensile 
strength of the material, therefore, has no direct 
bearing on the usual failure, and, though within 
limits, it may be true that the fatigue value of a 
material is proportionate to the tensile strength, 
such an occurrence must be looked upon as fortuitous 
only, and any such happening was not taken into 
consideration when the remark that I have quoted 
was made to me. I will refer again later to the fatigue 
test. 

Naturally, it is true that in a consequential failure 
the material may be drawn out. The usual occurrence 
when a connecting-rod bolt fails is, in the absence 
of a seizure or similar mishap, for the primary 
failure to take place in one bolt only; a creeping 
crack is formed in this, and the second belt then 
becomes overloaded with an excentric load, and 
consequently is either bent or sometimes pulled out 
in tension, as was the bolt in question. It may just 
be mentioned that the usual cause for the creeping 
crack is maltightening of the bolts and looseness 
in service, or faulty design in which the component 
parts are not interlocked to prevent side movement ; 
failure may also result when the bolts are not a 
tight fit. 

It is further to be remarked that the tensile 
strength of plain machined specimens does not 
necessarily show the relative strength of materials 
under concentrated stress. For instance, in Fig. 1, 
a plain machined specimen of steel A is stronger 
than a similar specimen of steel B. If, however, the 
specimens are grooved, the static tensile strength 
of the materials depends on the depth of the notch, 
and it is to be seen that the relative merits of two 
steels may become reversed, i.e., steel B may become 
the stronger, even when the two materials compared 
are both mild steel. 

Yield Point.—The use of the yield point is not 
infrequently advocated as a basis of design, often 
with the object of making use of the greater stiffness 
of alloy steels. I can, however, say at once that 
fracturing in service of the varied class of parts 
of which I have had somewhat extensive experience 
has never—short of other defect in the material— 
been due to an unsatisfactory yield point. Naturally, 
the measurement of the yield point affords an excellent 
check in ensuring that a manufacturer is obtaining 
the class of steel that he has ordered, or that may 





* Live: 1 Engineering Society, excerpt from *‘ Trans- 
actions,” 1940, 
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be necessary for a certain works process, and know- 
ledge of the value of the yield point ik of importance 
in parts such as steam turbines, having fine tolerances 
or smal] shrinkage fits, or in other parts liable to 
deform under particularly severe conditions of load, 
or in bolts that must not be allowed to become 
loose. Again, the yield point is of importance in 
the design of columns and certain parts liable to 
fail by collapse. The yield point of steel is therefore 
of the greatest importance in design, but troubles 
arising from such considerations do not constitute 
fracturing in service. An important aim in designing 
a part should clearly be to ensure that the properties 
of the material are suitable for resisting the form of 
failure feared the most, and, from the point of view 
of incipient cracking, the use of the yield point as a 
basis is definitely wrong. Should the part work 
under severe conditions of shock, to raise the yield 
point is just the opposite of what is required. 
Naturally, if a part has to work under special con- 
ditions such as are imposed by an elevated tempera- 
ture, the yield point does not increase in importance, 
because its value does not fall for temperatures 
below 200 deg. Cent.; for higher temperatures there 
is no definite yield point. It is certainly true that, 
at very high temperatures, steel may actually fail 
from creep, but in this paper I am not considering 
such extreme conditions. An important objection 
to the use of the yield point is that, for an alloy 
steel, its. value may be raised by as much as 115 per 
cent., while the fatigue range is raised by only 40 per 
cent. For this, amongst other reasons, with the 
yield point used as a basis of design, the factor of 
safety requires to be varied for different materials, and 
generally a much larger factor is required for an 
alloy steel than for a mild steel. 

It is to be realised that a low yield point in certain 
parts is by no means of necessity a disadvantage, 
but may actually prove to be an advantage in so 
far as it readily enables a material to adjust itself 
to the piling up of the lines of stress at a discon- 
tinuity. As a general basis of design, the use of 
the yield point is unsatisfactory, if only because 
many materials have no yield point. A heat-treated 
alloy steel does not usually give a definite yield 
point, such as is given by a mild steel, whereas the 
characteristic of a mild steel, which allows an appre- 
ciable strain at the yield point, without increase in 
stress, often proves beneficial to a part in service. 
Again, seeing that an occasional overload may raise 
the yield point of many materials without lowering 
the fatigue value or tending to facilitate failure, the 
initial: yield point has not necessarily a specific 
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significance. Further, it may be cited that, in 
commercial testing, the accuracy of the value of 
the yield point recorded on the test sheet is often 
open to considerable suspicion. 

The use of the yield point has been pushed to 
the point of absurdity, and has even been applied 
to the design of riveted boilers. Seeing that it is 
impossible to make a rivet tight without exceeding 
the yield point of the material, and that it is at the 
rivet holes that the breaking out of a crack is most 
to be e ted, it is clearly irrational to base the 
design on the initial value of the yield point. 

Inmit of Proportionality—On the question of 
the limit of proportionality, I do not think I need 
add anything to my remarks on the yield point. A 
well-known metallurgist, in commenting on the 
making of the tensile test, said that none of the 
test’ figures recorded commercially represent funda- 
mental properties of material, and the only funda- 
mental property given by the test is the elastic 
limit, which is not usually recorded for acceptance 
tests. However that may be, when breakdown 
in service is under consideration, I look upon a 
measurement of the limit of proportionality as of 
even less value than that of the yield point. It 
bears no relation to the mechanism of failure under 
fatigue, and any insignificant work hardening of the 
material will cause the measured value -to be altered 
at will. To base design on the limit of proportionality 
certainly would not of necessity give benefit to a 
heat-treated alloy steel, as the curve of a load- 
extension diagram for such a material may start 
to tail off at zero load. 

Percentage Elongation.—Of the other properties 
of material, usually specified, ductility obtained by 
various methods is generally considered to be the 
most important, yet all of these methods miss the 


take place. 





mark in giving information on the real characteristics 
of material that determine its behaviour in service. 
In a consideration of test results, the average engi- 
neer’s interpretation of the elongation measured on 
a tensile test is, perhaps, the most erroneous. The 
measurement undoubtedly affords a check in ensuring 
that a consignment of metal is up to the standard 
for the particular grade of material; the figures 
obtained for different materials do not, however, 
indicate which of them will give the better service. 
The ambiguous nature of the measurement is obvious 
from Fig. 2, showing the elongations measured 
on different gauge lengths for two different classes 
of steel. If the measurement is made on the gauge 
length M the one steel appears to be the more ductile, 
while if the measurement is made in the gauge 
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length N the reverse obtains. The measurement 
of the elongation depends upon two different charac- 
teristics of the metal, and measurement on an 
arbitrary gauge length is fundamentally wrong, 
i.e., if the desire is to obtain knowledge of a particular 
characteristic of the material. By making measure- 
ments on a series of decreasing gauge lengths and 
producing the curve to the left of the diagram, we 
can, however, obtain a figure for elongation that is 
closely related to the reduction in area of the specimen. 
For a round specimen, this measurement therefore 
affords no information not obtainable from a direct 
measurement of the reduced section. If the curves 
are produced to the right, a point is arrived at equi- 
valent to making a single measurement on a very 
large gauge length; though this may give some 
useful information on the capacity of the material 
to deform when being cold worked, the usual test 
house certainly makes no profession of obtaining any 
such data, and at any rate the measurement has no 
obvious bearing on service failures. It is always 
to be remembered that, in a tensile test, any measure- 
ment is made after the specimen has failed, while 
it is obvious that the particular portion of the elonga- 
tion that is developed after the load has reached its 
maximum value can have no influence in averting 
the initial failure of the material. 

Reduction in Area.—The word “ductility” is 
ill defined. In its general use it really refers to that 
property of material which is represented by the 
measurement of the reduction in area in a tensile 
test. As has been seen, the same property is obtain- 
able approximately by measuring the elongation in 
an infinitely small gauge length, and, as I showed 
in @ paper some years ago, the same property is 
indicated approximately when a bend specimen 
first develops a crack. The point of present concern 
is, however, the relationship between the measure- 
ment of the reduction in area and the liability to 
mechanical breakdown. It can safely beconcluded that 
there is no direct relationship. Though it is perfectly 
true that good ductility has shown itself to bean invalu- 
able asset, that is no indication whatsoever that, if one 
material gives a reduction in area of 60 per cent. 
and another of only 40 per cent., the one giving the 
higher value will give better service. In fact, the 
reverse may readily be the case. As I have already 
pointed out, a crack spreads in a service part with 
no appreciable plastic deformation of the material, 
and the measured ductility for complete fracture is 
certainly not developed. In the tensile test, when 
the maximum load is applied and the specimen starts 
to neck, the material inevitably breaks regardless 
of the amount of contraction that will subsequently 
Naturally, as for other test results, the 
measurement of the reduction in area ensures that 
a given material is up to standard quality. 

Bend Test.—When the bend test is carried out 
in a methodical manner the first crack will break 
out after a given amount of deformation, which is 


fapproximately calculable from measurement of 


the reduction in area in a tensile test. The test, 
if made to determine ductility, is therefore clearly 
redundant when the ductility of a material has 
already been obtained by other means, and, at any 
rate, as has been shown, is no criterion of liability 
to breakdown. It, however, affords a cheap and 
rapid method of determining ductility, which can 
be used in lieu of other methods, or on occasions 
when the reduction in area is not or cannot be 
measured in a tensile test, as for flat plates or irregular 





sections. The test is, however, made for additional 
reasons, apart from ‘the occurrence of service break. 
down due to deficient ductility. For material 
that is to be subjected to cold deformation during 
the later stages of manufacture, it certainly gives 
useful knowledge. Again, it affords a ready method 
by which the outside surface of a part can be tested 
for imperfections, and it is at the surface of the part 
that a crack will almost inevitably be set up in service. 
For example, from time to time cracks are set up in 
boiler plates in service, and it is traced that these 
have broken out at surface defects. Similarly, it 
is not uncommon for failure in service to be initiated 
at cavities or non-metallic matter lying near the 
surface of the part. There is no need for me to enlarge 
upon the serviceability of the bend test in detecting 
porosity in castings or the presence of other defects. 
Though a longitudinal crack in a shaft may not in 
itself be dangerous, it frequently leads to overheating 
at the journal, and it is always liable to extend, 
when on reaching the fillet it invariably proceeds to 
extend in a transverse direction ; the position then 
becomes precarious. 

Fatigue.—Undoubtedly the fluctuations in load 
cause a fatigue test to represent many conditions 
of service more closely than any other test, even 
though it be not a regular works test. Clearly, 
however, if we assume that the fatigue range bears 
an approximate ratio to the ultimate strength of 
the material, the test on a standard specimen would 
fail to give information not given by knowledge 
of the breaking strength, and to make the test 
would serve no useful purpose. Moreover, the 
fatigue strength, as commonly determined, is not a 
true criterion of the liability to fail under all condi- 
tions of service. If it were, we could obviously 
increase the strength of materials, regardless of 
such properties as are involved in the usual measure- 
ments of “ ductility ” and “* toughness.” Likewise, 
the damping properties of material would be left 
out of consideration. In giving basic knowledge 
on the mechanism of fatigue, the usual form of 
specimen does certainly serve a purpose, but experi- 
menters are now more and more realising that the 
testing of machined specimens may be quite mis- 
leading for assessing the resistance against failure 
at the outside skin of the part represented. The 
outside layer of a mechanical part may be of very 
different quality from that in the test specimen, 
both in regard to decarburisation, heat treatment, 
segregation, distribution of impurities, work harden- 
ing, or other surface condition, and a fatigue test 


in tension, which tests the whole cross section, may , 


be distinctly misleading in assessing the properties 
of the skin of a part subjected to bending. More- 
over, the usual test, in particular, fails to ascertain 
the relative behaviour of materials at discontinuities, 
which are usually contained in any part represented. 
As is well known, failure under fatigue in so many 
instances starts at a scratch, a tool mark, or a local 
defect, or at a discontinuity such as is caused by 
a fillet, a drilled hole, a keyway, or the root of a 
gear tooth; the information given by the usual 
test is therefore by no means all that is required. 
Moreover, the stress system in the part in service 
is likely to be complex, and, though much effort 
is being made to make good the deficiency in know- 
ledge, much data are yet required on the behaviour 
under fluctuating stresses of materials subjected to 
several variations of combined stresses. 

The fatigue resistance of notched bars, subjected 
to an equal tensional and compressional stress, 
is not necessarily the factor deciding the life of a 
part under all conditions of loading. For example, 
the superposition of a unidirectional stress is able to 
cause an alloy steel to behave less satisfactorily 
than a mild steel. Another factor that may prove 
of importance is the ability of a given material to 
withstand an occasional overload, without decrease 
in the fatigue value, and such a property certainly 
assists wrought iron. Or, again, the fatigue stress 
for notched or unnotched material does not decide 
the behaviour of materials under impulsive loading, 
and, for these reasons alone, there must be some other 
property desirable in a material. 








KaraGanpDA CoaL.—About 28 miles from Karaganda. 
U.S.S.R.,stretches the Churubai-Nurinsk coal deposit. The 
existence of this deposit has long been known, but 
systematic prospecting of it was only commenced in 1938. 
The deposit was found to be of great industrial importance. 
It is estimated to contain 10,000 million tons of coal, 
which analysis has shown to be of good quality. In tha 
last two years detailed investigation of the field has been 
going on with a view to the sinking of industrial mines. 
So far, two sections have been prepared, in which two 
mines will be sunk this year and eight to ten mines next 
year, 

New BurLpine ror InstiTuTE of OrGaANnic CHEMISTRY 
in Moscow.—Work has been commenced on the Kaluzhe 
skoye Chaussee in Moscow on the new building for the 
Institute of Organic Chemistry of the Academy of Sciences 
of the U.S.S.R. The building will consist of three blocks, 
the main one of which (the laboratory block) will house 
the seven departments engaged in the study of the 
different branches of organic chemistry. This block will 
have a volume of 1,907,000 cubic feet. In addition, there 
will be an autoclave pavilion and a block for big installa- 
tions and workshops, with an aggregate volume of 388,500 
cubic feet. 
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Sixty Years Ago 


THE STORAGE OF ELECTRICAL ENERGY 


From the outset of the electrical age, great endea- 
vour and much ingenuity have been directed towards 
devising a satisfactory means of storing electrical 
energy in a form readily recoverable with a high 
return. From the start the bugbear of the problem 
has been the weight of the storage apparatus. To 
this day we still occasionally receive reports of some 
fresh and startling invention in this field, but invari- 
ably the weight of the equipment proves a bar to the 
vealisation of all that a completely satisfactory 
electrical storage system would mean in practice. 
Sixty years ago much public excitement was created 
by the announcement that Monsieur Faure had 
invented a secondary battery which was a great 
improvement upon anything of the kind previously 
devised, such as the Planté pile. The Faure battery 
had as its basis a strip of lead coveréd with red lead, 
held in place by a sheet of felt. Two such strips were 
-oiled together like the spring of a watch and immersed 
in an acid bath. A current of electricity from a 
dynamo was then passed through them, and after 
two or three repetitions of this charging process the 
red lead on one of the strips was converted into 
peroxide of lead and that of the other into metallic 
lead. In this condition the battery was in a state to 
vive out at any time in the future a quantity of 
electrical energy of, it was claimed, a high potential. 
Sir William Thomson was greatly interested in the 
battery, a charged specimen of which he transported 
from Paris to Glasgow. In a somewhat incautious 
letter which he addressed to the Editor of The Times, 
he toid the world that in his “ box of electricity,” 
occupying a volume of 1 cubic foot, he had carried 
a million foot-pounds of energy. The public and the 
daily Press fastening attention on the “ million ” 
and ignoring the size of the unit, became more 
enthusiastic than ever. Osborne Reynolds adminis- 
tered the inevitable cold douche to the hopes engen- 
dered by Thomson’s statements. He pointed out 
that 11,000,000 foot-pounds of energy were stored 
in 1 lb. of ordinary coal. In Thomson’s “ box of elec- 
tricity,’’ which weighed 75 lb., there was therefore 
just as much energy as there was in 14 oz. of coal, 
a quantity which Thomson could have brought from 
Paris in his waistcoat pocket or sent by post. Ina 
leading article on the subject in our issue of June 17th, 
1881, we remarked that a cubic foot of water would 
weigh 12$ lb. less than the Faure battery, and that 
it could be made to store the same amount of energy, 
merely by raising its temperature through 20-7 deg. 
Fah., and that a vessel of 4 cubic feet capacity, if 
charged with air at a pressure of 500 Ib., would also 
contain the same amount of energy, in this case in a 
readily recoverable form; 20 cubic feet of coal gas 
could easily be compressed into a space of 1 cubic 
foot, and would contain four times the amount of 
energy in the Faure battery. That battery, we said, 
was little more than a scientific toy. The public 
could rest assured that there was nothing in the 
stories published in the daily Press to the effect 
that, as a result of the invention of the Faure 
battery, steam was in a fair way to being super- 
seded, that gas lighting was all but over, and that 
the ship of the immediate future would be propelled 
by electricity. 








ROAD REPAIRS IN MANCHESTER 


In a report which has recently been submitted by 
the Highways Committee of the Manchester Corpora- 
tion, it is stated that since the outbreak of war there 
has been a further serious deterioration in the state 
of road repairs in the city. Such deterioration,. the 
Committee considers, is likely to continue at a rapidly 
increasing rate, as long as the present programme of 
repair and reconstruction work remains restricted 
to its present standard. The Committee estimates 
that in order to bring the state of the roads in the 
city up to that which prevailed in September, 1940, 
it will be necessary to expend an additional sum of 
£127,000. If the roads in the city which are known 
to require repair are to be put into a proper state, and 
in addition roads are dealt with which do not at the 
present time necessarily require reconstruction, then 
a total sum of £1,330,000 must be spent, a figure 
which includes the £127,000 above mentioned. The 
Committee expresses the view that the Manchester 
City Council has in the past not fully realised the 
serious consequences which must inevitably result 
from the restriction of its road repairing and recon- 
struction programme. It points out that after 
hostilities have ceased it will certainly be necessary 
to spend very large sums of money, either by increased 
grants or by loans, if the Manchester roads are to be 
restored to a satisfactory condition of repair. 








Pree Line Prorection.—That no bituminous coating 
appears to afford complete protection to underground pipe 
lines under all conditions is the conclusion reached by 
experts of the National Bureau of Standards, who have 
been studying this subject for a long period in co-operation 
with the American Petroleum Institute. 





The prices quoted herein relate to bulk quantities. 
are delivered f.o.t. 


Government Announcements | 


The Board of Trade announces that under 
Statutory Rules and Orders, 1941, No. 777, which came 
into force on June 3rd, 1941, a general licence is issued 
authorising and permitting any manufacturer to supply to 
any person carrying on a business in which machinery, 
plant, or appliances of a kind ified in the schedules 
to the Machinery and Plant (Control) No. 2 Order, 1940 
(S.R. and O., 1940, No. 1363), or the Machinery, Plant, 
and Appliances (Control) Order, 1940 (S.R. and O., 1940, 
No. 2179), are used, and such person to accept machinery, 
plant, or appliances of the description so used in tem- 
porary substitution for goods so used while the latter are 
undergoing repair or reconditioning, or are being replaced 
by other similar goods. This licence is issued subject 
to certain conditions specified in the Order. Any inquiries 
necessary should be addressed to the Industrial Supplies 
Department (Machinery Licences Division), Board of 
Trade, 1-6, Tavistock Square, London, W.C.1. The Board 
of Trade also announces that the Machinery, Plant, and 
Appliances (Control) No. 3 Order, dated June 3rd, 1941 
(S.R. and O., 1941, No. 778, price 1d.), provides that the 
acquisition and supply of such woodworking machinery 
and plant as is subject to the control of the Ministry of 
Supply (Machine Tool Control) shall no longer be subject 
to licence by the Board of Trade (Industrial Supplies 
Department, Machinery Licences Division, 1-6, Tavistock 
Square, London, W.C.1). Under a Board of Trade Order, 
which comes into force on June 19th, 1941, licences will 
be required to export to all destinations metal barrels and 
drums and certain articles manufactured wholly or mainly 
from tin-plate or terne plate. The Order (S.R. and O., 
1941, No. 742) also extends the control in respect of 
asbestos (raw and fibre), and makes minor relaxations in 
the list of drugs requiring export licences. Copies of the 
Order (price 1d.) will be available at the Stationery Office 
on June 6th. 


The Pig Iron Market 


There is heavy pressure by consumers in every 
department of the trade to.obtain supplies of pig iron, and 
the manufacturers are pressing production to a high level. 
The demand for foundry iron is active, and appears to be 
steadily increasing. Little Cleveland foundry iron is now 
being made, since the energies of the producers are con- 
centrated chiefly upon the manufacture of basic iron for 
the steel furnaces. Notwithstanding this diversion of 
the Cleveland manufacturing capacity, the Midland 
makers are able to meet the requirements of the trade, and 
there is little complaint of delays in deliveries. At the 
same time a watchful eye is kept by the Control upon the 
distribution to conserve supplies for the production of 
essential war work, and firms manufacturing products not 
related to the war effort do not find it easy to obtain their 
full requirements. Wherever possible also the Iron and 
Steel Control is persuading consumers to use high phos- 
phoric iron as a substitute for the qualities to which in 
normal times they are accustomed. The light castings 
manufacturers, who are generally the largest users of high- 
phosphoric pig iron, are in many cases not working full 
time, owing to the restrictions on private building, and 
are not being fully incorporated in the war effort, although 
attempts ,in this direction have been made. They are 
obtaining all the pig iron they need, subject to the require- 
ments of consumers who are employed upon national 
work. The heavy castings makers and the machine tool 
makers are extremely busy, and for the most part they 
use low-phosphoric and hematite pig iron, although they 
have to employ substitutes wherever possible. There is a 
strong demand from this branch of the industry for special 
pig iron, which is being fairly well met. Imports of low 
phosphorus and hematite irons have helped the position 
considerably, but efforts are made to restrict as much as 
possible the use of iron which has to be brought from 
overseas. Careful control is being exercised over the dis- 
tribution of hematite pig iron and only those consumers 
whose products necessitate the use of this, description and 
who are also engaged in work of national importance are 
sure of getting their full supplies. 


The North-East Coast and Yorkshire 


The demand for iron and steel for the war indus- 
tries continues to expand, but undoubtedly there are 
adequate supplies of most descriptions available for these 
outlets, particularly since the use of steel for non-essential 
purposes is being continuously restricted.. The Control 
is only approving steel allocations after the closest investi- 
gation into each request. One result of this is that essential 
consumers have found recently that they can obtain 
deliveries much more speedily than hitherto. Makers are 
somewhat perturbed at the steady decline in their profit 
margins, and in view of an expected advance in coke prices 
they are wondering whether a sudden rise in British iron 
and steel quotations may not be announced in the com- 
paratively near future. Supplies of pig iron are adequate 
for essential consumption, hematite being the tightest 
and foundry pig iron the easiest section of the market 
respectively. The steel plants are busy, the bulk of the 
output going to Government account. There is an intense 
demand for shipbuilding steel, especially plates, but most 
other products are also going into consumption freely. A 
somewhat heavier demand for structural steel has become 
manifest. In Yorkshire a high rate of working is the 
general rule, with high-grade and special steels under 
intense pressure for war purposes. Local heavy engi- 
neering concerns are active in supplying new industrial 
equipment. As regards rolled steel products, deliveries 
to essential consumers have been speeded up recently. 


Scotland and the North 


All departments of the Scottish steel trade are 
operating at high pressure, and production is on a heavy 
scale. , The steel works have sufficient orders in hand to 
keep them busy for months, and most of the steel material 





due in the second delivery period has already been allo- 





Markets, Notes and News 


Unless otherwise specified home trade quotations 


Export quantities are f.o.b. steamer 


cated. In one or two departments, however, business has 
become more restricted of late, and the makers are in a 
position to offer more reasonably prompt delivery than for 
a long time. This would apply partly to structural steel, 
which has been a rather quiet section for a month or two. 
On the whole, the heavy steelmakers are extremely busy, 
and their plants are being operated practically at capa- 
city. The pressure to obtain supplies of plates is undimin- 
ished, and with the shipyards working under great pres- 
sure, this demand is likely to continue. In addition to the 
shipyards, the tank makers and boilermakers also are 
busily employed, and have a great deal of work on their 
books. Although the structural steel section of the 
market is rather quiet, this is largely confined to the 
heavier sizes, and the call for light and medium joists and 
sections has been fairly well maintained. The armament 
and munition makers are persistent in their requests for 
special and alloy steels, and the demand appears to be 
steadily increasing. With practically all the engineering 
shops in Lancashire devoted to war production, the 
demand for all classes of steel is maintained at a high 
level. The stockholders appear to be furnishing a good 
portion of the market requirements of structural steel. 
Special steels of all descriptions are in strong demand, and 
the makers of heat-resisting and stainless steels have 
lately experienced a rush of orders. The plate rollers for 
a time were able to give fairly prompt delivery, but recent 
heavy bookings have changed the situation and delivery 
dates are again lengthening. Sheets have been taken up 
in big quantities, whilst there has been a large business 
passing in recent weeks in colliery steel. 


Copper and Tin 


There is a heavy consumption of copper in Great 
Britain, and as a result of the acceleration in the war 
effort this is likely to increase. The supply position, 
however, is sound, and although the Control carefully 
watches the distribution, a certain amount of copper is 
available for the manufacture of goods for export. In the 
United States the Government has taken the long-expected 
step of introducing priorities, and this makes the American 
copper situation similar to that ruling in this country, so 
far as ordinary commercial work is concerned. The 
American copper producers are to reserve 20 per cent. of 
their April output for the requirements of the defence pro- 
gramme, and the balance of 80 per cent. will be allocated 
to the civilian needs, and will be subject to priorities. 
Scrap copper has not been brought within this scheme. 
This has resulted in a drastic change in conditions in 
America. Both manufactured and semi-finished copper is 
brought under control, and the makers of copper products 
have to obtain a permit to purchase the copper. One of 
the first results has been that there has been practically 
no export of copper from the United States, and although 
it is assumed that a certain amount of copper will be 
exported, this is likely to be also curtailed by the diffi- 
culty of finding shipping space. It is generally thought 
that the United States is not likely to be short of copper. 
since the production of the South American countries 
could be drawn upon as well as the output of the United 
States. Prices remain unaltered at 12 c. domestic, and 
whilst the export quotation is nominal at 11 c., it is unlikely 
that any purchases could be made, even if a permit were 
obtained at less than 11} c. to ll} c.... The tin market 
has developed a firmer tone, partly due to the prohibition 
of exports from Great Britain, including shipments to the 
United States. The effect of this was to bring about a 
reversal of the market position from a backwardation to 
acontango. Spot tin at that time was available, and since 
the question of war risks had to be considered, most holders 
were prepared to lend their metal to the market, with the 
result that a contango of about £2 developed. This has 
since worked off, and prompt and forward prices are about 
level. Another reason for the firmer tone was the renewed 
fear of an interruption to supplies from trouble in the 
Pacific, as the situation between Japan and the Dutch 
East Indies developed some unfavourable features. The 
United States is believed to have plenty of tin in stock, and 
the possibility of the market being rationed in that 
country also had the effect of stiffening prices. 


Lead and Spelter 


The lead position in Great Britain remains com- 
fortable since steps which had been taken at the beginning 
of the war have proved highly successful in maintaining 
supplies. There is a heavy consumption, but there is 
plenty of metal to meet all requirements, and a certain 
quantity is available for civilian needs. It is understood 
that shipments of lead have been made from Australia 
to the United States, but it is thought that this metal is 
to supply American manufacturers who are working upon 
British Government contracts. There is no actual shortage 
in America, and although there is some talk of a 
possible scarcity in the future, this fear does not appear 
to have much substance, since the United States can draw 
upon Mexican supplies. At the beginning of June an 
increase of £1 per ton was made in the price of lead pipes 
and sheets. The manufacturers of these commodities are 
well employed and have a considerable volume of orders 
in hand. The United States Bureau of Metal Statistics 
states that the domestic stocks of refined lead at the end 
of April totalled 42,900 short tons, compared with 46,000 
tons at the end of March. The April production was 
56,100 tons, against 61,500 tons in the previous month. 
A tighter situation exists in the spelter market than 
in any other non-ferrous metal department. In Great 
Britain firms employed upon Government contracts are 
receiving full supplies, but consumers requiring the metal 
for what is regarded as unessential needs have difficulty 
in obtaining all they want. In the United States the 
stringency which has prevailed for some weeks has, if 
anything, become accentuated, and it is reported that the 
producers will be required to reserve 22 per cent. of their 
April output for consumers employed on the American 
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Rail and Road 


““Wuat’s In a NaME ?”’—A Rhodesia railways work- 
shop shunting engine has been renamed ‘“ Churchill” as 
a tribute to Great Britain’s wartime Prime Minister. It 
was built in Leeds as long ago as 1929 for shunting opera- 
tions at the Port of Beira, but was later withdrawn from 
service. It has now been allocated as workshop shunting 
engine at the Umtali mechanical workshops of the Rhodesia 
Railways. 

A DURBAN ENTERPRISE.—A scheme is afoot to establish 
in South Africa a motor-car and truck assembly plant, 
which would be the first and only one of its kind in exist- 
ence in Durban. The component parts required will be 
imported from America for assembly into finished pro- 
ducts by local labour. What is contemplated would cover 
all motor-cars and trucks required for the distributors in 
Natal, East Griqualand, Pondoland, Zululand, portions 
of the Orange Free State, and later Kenya, Portuguese 
East Africa, Uganda, Tanganyika, Northern and Southern 
Rhodesia, and Nyasaland. 

WomMEN aS ENGINE DRIVERS.—More than half a million 
women are now employed on the railways of the U.S.S.R., 
and some of them perform such duties as those of engine 
drivers and stationmasters, formerly considered the sole 
province of men. To-day there are fifty-six women engine 
drivers and 2900 assistant engine drivers. Women also are 
employed as motormen of electric trains. The Soviet 
railways have an extensive system of training courses 
(attended by both men and women) for those who enter 
the railway service. Last year the number of persons 
attending these courses was 109,200. 


Swiss Rar~tway ProsBLeMs.—The war is imposing 
difficult problems on those responsible for transport in 
Switzerland. Exporters and importers in the country 
are finding it almost impossible to obtain transportation 
from the French-Spanish border to the Spanish ports. 
Moreover, since the gauge of the Swiss Federal system and 
the French railways is standard and that of the Spanish 
roads is 5ft. 3in., use of Swiss cars in Spain is impossible. 
Negotiations have resulted in permission from the Spanish 
Government for the Swiss to establish trucking facilities 
from the French-Swiss border to Atlantic ports. 

An ExcEepTionaL WaGon.—The Victorian Government 
Railway was recently called upon to transport two 
alternator stators so large and so heavy that its engi- 
neers designed and constructed an all-welded wagon on 
sixteen wheels, with a capacity of 150 tons. The vehicle 
is 51ft. long, and its maximum width is 12ft. 3in., which 
exceeds the normal maximum loading gauge by a con- 
siderable margin. This fact necessitated building the 
central portion sufficiently high to clear platforms and 
other lineside structures. The finished product had the 
appearance of a four-wheeled bogey drawing a long and 
wide trailer on two sets of wheels. 


INSURANCE OF Roap VEHICLES.—It is announced by 
the Director-General to the Ministry of War Transport 
that since September, 1939, insurers have agreed for 
periods of three months at a time to continue and extend, 
without any general increase in rates, existing policies for 
‘* grouped ” motor goods vehicles, although the Emergency 
Powers (Road Vehicles and Drivers) Order, 1939, removed 
certain restrictions on “‘ A,” ‘* B,”’ and “ C ” licences under 
the Road and Rail Traffic Act, 1933. This arrangement 
was extended until May 3lst, 1941, and the Minister is 
glad to announce that the insurers have now agreed to 
extend the arrangement until August 31st, 1941. 

A “ One-stop” Coatine Station.—What is called a 
‘one-stop’ locomotive coaling station has been con- 
structed at a point on the main line between Buffalo, N.Y., 
and Jersey City, N.J. It is so designed and arranged as to 
permit locomotives to be completely serviced with coal, 
sand and water, and their cinders dumped at one stop. 
It is of moderate size, having a storage capacity in the bins 
of 300 tons of coal, and was designed, to fulfil the require- 
ments of servicing twenty-four locomotives in each 
twenty-four-hour period. The facilities provided for each 
track include an ashpit, a water crane and a sand delivery 
spout, all of which are so placed that they can perform 
their respective functions while coal is being delivered to 
the locomotive. 


Air and Water 


Guns For AEROPLANES.—A new 8,000,000 dollars plant 
to manufacture automatic guns for aeroplanes is to be 
built in Windsor, Ont. The plant will be operated by 
General Motors of Canada through a company called 
Border Cities Industries. 

Om UnpeR THE Caspian.—Volcanic action in the 
Caspian Sea has brought additional proof of the existence 
of oil under the sea bottom. Men in the lighthouse on 
Svinoi Island, situated in the Caspian Sea, 434 miles from 
Baku, have been alarmed by continuous subterranean 
rumblings, investigation of which was under taken by a 
commission of the Academy of Sciences of the U.S.S.R. 
The scientists discovered active gas and mud volcanoes 
ejecting fuel gas. Experts are of the opinion that these 
eruptions testify to the existence of rich petroliferous 
strata going deep down under the bed of the Caspian Sea. 


“YY” ScHEME FOR ENTRY INTO THE Navy.—Under aj 


new scheme of entry known as the “ Y ” scheme, young 
men who wish to carry out their war service in the Royal 
Navy, including the Fleet Air Arm, have now an oppor- 
tunity of applying to enter the Navy for the period of 
hostilities as soon as they reach the age of seventeen, 
though they will not be actually called up for training 
before they are at least eighteen. Young men, whether 


at school or at work, who are medically fit, can apply for 
entry under the “ Y ” scheme, provided they have either 
reached the standard of education equivalent to that 
required for the school certificate examination or have 





served satisfactorily for at least a year in a Junior Training 
Corps, Air Training Corps, Army Cadet Corps, or recognised 
Sea Cadet Corps. Men reserved in certain trades will not, 
however, be eligible. Full particulars of the ‘* Y ’’ scheme, 
and how to join, can be obtained from the naval repre- 
sentative at the nearest Combined Recruiting Centre, the 
address of which can be obtained from any Ministry of 
Labour and National Service office. 


THe Unirep States Liner “ America.”—It is 
announced by the United States Maritime Commission 
that the 27,000 gross ton liner ‘‘ America,’’ completed in 
July, 1940, by the Newport News Shipbuilding and Dry 
Dock Company, of Newport News, Va., for the service of 
the United States Lines Company, which has been engaged 
in cruising services between New York and the West 
Indies, is to be acquired by the United States Navy as a 
naval auxiliary. She will most likely be converted for 
use as a transport vessel or an aircraft carrier. A full 
description of the “* America ” will be found in five articles 
which appeared in THE ENGINEER from August 30th, 
1940, until September 27th, 1940. 


THE SHort-Mayo ComposirE ArrcraFr.—lIt is 
announced that the “ Maia,”’ the lower component of the 
Short-Mayo composite aircraft, has been damaged and 
rendered unserviceable in a British harbour. It will be 
recalled that the “Mercury,” the upper component, 
which was launched from the back of “‘ Maia,”’ flew 3000 
miles non-stop, Foynes, in Eire, to Montreal, Canada, in 
20h. 33 min., and later made other long-distance flights. 
At the beginning of the war the composite aircraft was 
released to the Air Ministry for duty with the R.A.F. 
Coastal Command. Apart from a few special service 
flights she was rarely in the air after that time. A full 
account of this interesting machine will be found in our 
issue of March 4th, 1938. 


Sun Lamps ror Nicut FicHtTers.—Because night 
fighter pilots must rest in the daytime, staying in darkened 
rooms to condition their eyes for keen vision at night, they 
are deprived of their normal quota of sunshine and ultra- 
violet rays. To rectify this, and to assist in maintaining 
the physical fitness of these pilots at the highest standard, 
Lord Nuffield has offered to provide them with facilities 
for sun ray treatment, which, because it can be taken 
while wearing dark glasses, fulfils all requirements. His 
offer has been readily accepted by Sir Archibald Sinclair, 
the Secretary for Air, and each of the aerodromes at which 
night fighter pilots are stationed will shortly be equipped 
with the latest type of collective irradiation apparatus, 
enabling the treatment to be enjoyed by as many as 
twelve pilots simultaneously. 


Miscellanea 


A Puiastics CoMBINE.—Some of the larger manufac- 
turers in America have formed the Plastic Materials 
Manufacturers’ Association to facilitate co-operation in 
the utilisation of such materials for defence. 


A New Canabian Piant.—The Dominion Tar and 
Chemical Company, Ltd., of Montreal, is constructing, at 
Toronto, a modern plant for the manufacture of flake 
phthalic anhydride. It is to have a capacity adequate, for 
all Canadian requirements. 


AN AWARD FOR StructuRAL Work.—The bronze 
medal of the Institution of Structural Engineers for the 
best paper read during the session 1940-41 has been 
awarded to Mr. Leslie Turner, B.Sc., M. Inst. C.E., for his 
paper entitled *‘ Examples of Modern Buildings,’’ read in 
London in March, 1940. 

ALUMINIUM IN War.—In 1939 Canada was the third 
aluminium-producing country in the world, a position 
which it may also hold in 1940. Germany was in the 
first position and United States in the second ; comparing 
1939 with 1932 Germany’s aluminium production has 
shown an almost tenfold increase. 


RusstaN RESEARCH.—Experiments are in progress, 
under the superintendence of Professor M. A. Pavlov, at 
the Magnitogorsk Iron and Steel Works in the Urals, with 
@ view to the production of high-grade coke from low-grade 
coal obtained from deposits in the eastern and southern 
parts of the Soviet Union. The work so far promises 
important results. 


ExPLosives.—In the course of a lecture before the 
Ottawa Branch of the Engineering Institute of Canada, an 
expert on military explosives mentioned toluol as an 
explosive ingredient that cost as much as 7 dollars per 
gallon during the Great War, but can normally be pro- 
duced now at 30 cents per gallon. Lyddite, an expensive 
disruptive explosive that was considered once as standard 
for its purpose, has given way to trinitrotoluene (T.N.T.), 
a fairly cheap explosive, safe under normal conditions, 
and ‘“‘a gentleman to handle, but when it does go off 
there is no fooling about it.” 


R. F. Stuart.—lIt is with deep regret that we learn of 
the death of Mr. Richard Furneaux Stuart, which took 
place on Wednesday, May 14th, in St. George’s 
Hospital, London. He had been attending a technical 
meeting, at which he contributed to the discussion, when 
he was overcome by a seizure and conveyed to the hospital, 
where he died shortly afterwards. Mr. Stuart was con- 
nected with Davey, Paxman and Co., to whom he was 
articled in 1908. At the outbreak of the European War 
in 1914 he enlisted in the Royal Army Ordnance Corps, 
and at the conclusion of hostilities served for some time 
as a member of the Inter-Allied Commission of Control in 
Germany. He retired from the Army with the rank of 
major, and resumed his connection with Davey, Paxman 
and Co. as assistant works manager, being later trans- 
ferred to the company’s London office as assistant to the 
London director. Later he was attached to the export 
staff of Agricultural and General Engineers, Ltd., for 
whom he travelled extensively. On the liquidation of 
that company he joined Davey, Paxman and Co. 





(Colchester), Ltd., on its formation, as London manager, 
Subsequently, as commercial manager, he took charge of 
the whole of the sales and contract activities of the com- 
pany, a position which he occupied until the time of his 
death. r. Stuart, who was in his fifty-first year and 
unmarried, was a man of considerable attainments and 
great personal charm, who had very many friends in engi- 
neering and artistic circles, both in London and Colchester. 
He was an associate member of the Institution of Civi! 
Engineers and an associate member of the Institution o/ 
Mechanical Engineers. 

AMERICA AND MANGANESE.—Some idea of the demand 
for manganese in the United States is shown in the impor: 
returns of manganese ore last year, namely, 1,254,588 long 
tons, with a manganese content of 601,931 tons, an increasw 
of 35 per cent. on 1939. The principal suppliers were :- 
U.S.S.R., 311,735 tons; Gold Coast, 226,665 tons: 
British India, 186,673 tons; Brazil, 168,241 tons; Union 
of South Africa, 173,442 tons; Cuba, 130,621 tons; the 
Philippines, 43,551 tons. Deliveries of manganese on 
(35 per cent. or over manganese) from U.S. mines last year 
were about 40,000 long tons, against 29,000 in 1939. The 
foregoing are exclusive of grades with low-manganese 
content. 

CanaDIAN IRoN OrE.—The province of Ontario is 
Canada’s biggest iron producer, being credited with 72 pei 
cent. Of this, the ‘Mewes roperties contribute 63 per 
cent. The Helen mine was discovered in 1898 by a man 
by the name of Gates, who was prospecting for gold in the 
Wawa Lake district. The deposit was found to be a 
high-grade hematite, and the property soon after its 
discovery became the Algoma Steel Corporation, Ltd. 
After a time its ore was exhausted and then another mine, 
known as the Magpie, was opened, and produced about 
1,000,000 tons of iron before it was shut down in 1921. 
A few years before the Magpie mine was shut down it was 
noticed that a large cone-shaped hill near the site of the 
old Helen mine was another deposit of siderite. A survey 
revealed the presence of over 100 million tons. 

** CLADDING.” —What are known as Clad metals are 
receiving close attention in Canada and America. The tech- 
nique is to use anti-corrosive materials to increase the life 
of the structure, to maintain the quality, and reduce main- 
tenance costs, to reduce weight, and to secure better appear- 
ance. Clad metals at present available employ nickel, 
monel, inconel, and stainless steel as the anti-corrosive or 
cladding material. They are manufactured by placing 
two sheets of one of these metals between thick steel 
plates which have been sand-blasted and fluxed on the 
side adjacent to the clad. After heating to rolling tem- 
perature, the layer is rolled out to finished thickness, each 
metal being proportionately reduced. Any metal may 
be used as a clad which has not an appreciably different 
melting temperature from that of the backing material, 
but it is not yet possible to clad steel with aluminium, 
which will not maintain its properties at the rolling tem- 
perature of steel. 


Personal and Business 


Mr. Davip THomson has been appointed a director of 
Baldwins, Ltd. 

Dr. Maurice Cook has been elected President of the 
Birmingham Metallurgical Society. 

TaneyeEs Ltp., Birmingham, informs us that its new 
London address is Granite House, Cannon Street, London, 
E.C.4. 

THe SouTHeERN RatLway CoMPANY announces that 
Sir G. E. Schuster has been co-opted a director, in place 
of the late Sir Charles Morgan. 


Mr. Joun M. R. Farrsarrn, formerly chief engineer of 


the Canadian Pacific Railway Company, has been appointed 
Director of Works and Buildings, Canadian Naval Service. 

Str Noet AsxsripGe, Chief Engineer of the British 
Broadcasting Corporation, has been nominated President 
of the Institution of Electrical Engineers for the 1941—4 
session. 


NEWTON, CHAMBERS AND Co., Ltd., have appointed as 
managing director, for the purpose of co-ordinating their 
extensive coal mining, foundry, engineering, coal distilla- 
tion and chemical operations, Mr. H. E. G. West, general 
manager of the firm’s chemical works. Mr. West joined 
the company twenty-two years ago from the Contracts 
Department of the War Office. The office of managing 
director has been in abeyance since the death in 1934 of 
Mr. W. Newton Drew, who combined with it the chairman- 
ship of the company. The present chairman is Sir Samuel 
Roberts, Bart. 








Forthcoming Engagements 





Secretaries of I: , &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 
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Institute of British Foundrymen 
Saturday, July 12th.—Midland Hotel, Manchester. 
general meeting. 10.30 a.m. 
Institute of Physics 
Tuesday, June 17th.—Lecture Hall of Kodak, Ltd., Harrow. 
‘‘The Applications of Photography in Engineering,” D. A. 
Spencer. 6 p.m. 
Institution of Electrical Engineers 
Thursday, June 26th.—Savoy Place, Victoria Embankment, 
W.C.2. ‘‘ Metal Rectifiers,” A. L. Williams and L. E. 
Thompson; and ‘The Characteristics and Applications 
of the Selenium Rectifier,” E. A. Richards. 6 p.m. 
Newcomen Society 
To-day, June 13th.—Summer excursion. Assemble Institution 
of Mechanical Engineers, Storey’s Gate, Westminster, 
8.W.1. 9.50 a.m. 
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